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METHODS AND COMPOSITIONS
FOR IMPROVED DELIVERY DEVICES

PRIOR RELATED APPLICATIONS

The present application relies on the priority of U.S. Provisional Patent
Application No. 60/174,024, filed December 30, 1999, herein incorporated in
its entirety.

FIELD OF THE INVENTION

The present invention relates generally to the field of materials for the
delivery of gases and other agents in the treatment of compromised tissues.
More particularly, the present invention relates to treatment of compromised

 tissues using devices comprising novel matrix materials, comprising either

synthetic or natural materials, wherein such novel materials are capable of
encapsulating gas bubbles to form a device that transfers the gas to a receiving

substrate.

BACKGROUND OF THE INVENTION .

Damage or destruction of the blood supply to a region of living tissue
quickly leads to compromised tissue. One of the critical functions of an
adequate blood supply is the provision of dissolved gases to the site, such as
oxygen. For example, wounds to bodily tissues are accompanied by damage
or destruction of the natural blood supply that transports oxygen and nutrients
that are necessary to support the healing process. Measurements have shown
that the tissue oxygen tension within the wound and surrounding damaged
tissues is substantially lower than the normal blood vascular oxygen tension.
Whereas the blood vascular oxygen level of 80 to 100 mm Hg is considered
normal, the wound environment may have as little as 3 to 30 mm Hg of
oxygen. Research has shown that a level of 30 mm Hg or less is insufficient
to support the processes of wound repair.

Many approaches have been used in an effort to increase the amount of
oxygen delivered to compromised tissues. Initial developments to increase the
oxygen tension in the compromised tissue environment involved either topical
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delivery of oxygen to the tissues or chambers in which the blood vascular
oxygen tension is substantially elevated so as to also increase to tissue oxygen
levels by diffusion. U.S. Patent No. 4,328,799 describes a hyperbaric oxygen
chamber that was constructed such that it fit tightly to a portion of the
anatomy. The chamber was then flooded with oxygen gas to higher than
atmospheric pressure to increase dissolution of oxygen for delivery to cellular
processes. U.S. Patent Nos. 4,474,571, 4,624,656, and 4,801,291 further
describe various improvements for increasing the atmospheric oxygen
concentration over the compromised tissue environment. Although these
devices are capable of functionally increasing the oxygen level over a wound
site, they suffer from the use of cumbersome apparatus, intermittent delivery
of oxygen and poor transfer of oxygen from the oxygen-rich atmosphere to the
hypoxic tissues.

Another device, disclosed in U.S. Patent No. 4,608,041, combined
delivery of oxygen to tissues with providing an escape pathway for spent gas
and wound-derived volatiles. TU.S. Patent No. 4,969,881 extended this

‘ d.evelopment to use less bulky construction by utilizing an oxygen permeable
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membrane sandwich in which the interior portion was flooded with oxygen
which diffused through the wound contact membrane, but not the upper
membrane, to oxygenate tissues. This was further improved in U.S. Patent
No. 6,000,403. These devices represent improvements that overcame much of
the bulky characteristics of previous inventions but represent little or no
improvement in the transfer of oxygen to hypoxic tissues nor do they
constitute improvements in wound contact matrices customarily needed for
wound care.

A different approach, used to increase the efficiency of the transfer of
oxygen and to eliminate the bulky apparatus was to use nascent oxygen
generation near the device. U.S. Patent No. 5,407,685 provides a device for
generating oxygen when the device was applied to a wound. The device
disclosed is a bilayered device where each layer contains a reactant that mixes
and generates oxygen once exudate or other bodily-derived material activates
the reaction. U.S. Patent No. 5,736,582 describes the generation of oxygen
from hydrogen peroxide for release at or near the skin surface. U.S. Patent No.
5,855,570 similarly uses an electrochemical reaction to convert oxygen in air
to a peroxide or other reactive form of oxygen for delivery to the wound
environment. U.S. Patent No. 5,792,090 uses a reservoir that contained
hydrogen peroxide and a catalyst in a device in contact with the wound, such
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as a hydrogel or polymeric foam. Another approach was disclosed in U.S.
Patent No. 5,086,620 in which pure gaseous oxygen was dispersed by sonic
energy into a liquid matrix that was then solidified by cooling to encapsulate
the oxygen in minute bubbles.

These devices represent improvements in the delivery of topical
oxygen to the wound environment over the hyperbaric chamber. However,
each carries significant limitations that have restricted the broad adaptation of
the technology of topical oxygenation for care of compromised tissues.
Previously described devices do not have a known concentration of oxygen
and cannot function independently of atmospheric pressures or temperature to
achieve effective oxygen distribution. In addition, the dependence upon
activation by body-derived agents is unpredictable so as to make such devices
impractical. Other devices are expensive to produce and require specialized
equipment. Such devices cannot be used in the production of cold set
polymers that are often used for the construction of medical devices used for
compromised tissue care.

Compromised tissues include those tissues that have an interrupted
blood supply or suffer from a'lack of a necessary element, such as oxygen, or
suffer from the build-up of by-products, such as carbon dioxide. One type of
compromised tissue includes wounds. Wounds are generally thought of as an
interruption in the integrity of the skin. The outer layer of skin surrounding
the body performs an important protective function as a barrier against
infection, and serves as a means of regulating the exchange of heat, fluid and
gas between the body‘and external environment. When skin is removed or
damaged by being abraded, burned or lacerated, this protective function is
diminished. Areas of damaged skin are conventionally protected by the
application of a wound dressing which facilitates wound healing by acting as a
skin substitute.

Compromised tissues can result from any interruption in normal
biological activity in an area. Compromised tissues result from external
insults such as friction, abrasion, laceration, burning or chemical irritation.
Damage to such tissues may also result from internal metabolic or physical
dysfunction, including but not limited to bone protrudence, diabetes,
circulatory insufficiencies, or inflammatory processes. Normally, tissue
damage initiates physiological processes of regeneration and repair.
Generally,  the repair process is uneventful and may occur regardless of
any intervention. However, it has been found that intervention and provision



WO 01/49258

10

15

20

25

30

35

PCT/US00/35560

of needed elements aid in repair of compromised tissue sites. Another aspect
of repair of the compromised site may include the control of exudates and the
maintenance of an optimal level of moisture over the compromised site,
especially during heavy exudate drainage.

The healing of compromised tissues usually progresses through
distinct stages leading to the eventual restoration of the natural function. As
an example, injury to the skin initiates an immediate vascular response
characterized by a transient period of vasoconstriction, followed by a more
prolonged period of vasodilation. Blood components infiltrate the wound site,
endothelial cells are released, exposing fibrillar collagen, and platelets attach
to exposed sites. As platelets become activated, components are released
which initiate events of the intrinsic coagulation pathway. At the same time, a
complex series of events trigger the inflammatory pathways generating soluble
mediators to direct subsequent stages of the healing process. These events
result in a transient to prolonged period of oxygen deprivation known as
hypoxia in the tissues. :

Normally, the healing process of injured tissues is uneventful and may
occur regardless of any intervention. However, where an underlying metabolic
condition or perpetual insult such as pressure is a contributing factor, the
natural healing process may be retarded or completely arrested, resulting in a
chronic wound. Trends in modern medical practices have shown that the
wound healing of both acute and chronic wounds may be significantly
improved by clinical interventions using methods and materials that optimize
conditions in the compromised tissues to support the physiological processes
of the progressive stages of tissue repair. In dermal wounds, key factors in
providing the optimal conditions are the prevention of scab formation and the
maintenance of an optimal level of moisture and oxygen in the wound bed.
All of these factors may be controlled by the management of wound exudate
fluid.

A common problem in the management of both acute and chronic
wounds is the maintenance of an optimal level of moisture over the wound bed
during heavy exudate drainage. This is usually, but not always, during the
early stage of healing. Most moist wound dressing technologies such as thin
films, hydrocolloid dressings and hydrogels are typically overwhelmed by
exudate moisture during this heavy drainage phase. Management of moisture
during heavy exudate drainage often necessitates the use of gauze or sponge
packings that wick away excess moisture from the wound bed, thin film



WO 01/49258

10

15

20

25

30

35

PCT/US00/35560

coverings that trap exudate fluid over the wound bed, calcium alginate
dressings that chemically bind exudate moisture due to the hydroscopic
properties of the seaweed extract and other materials that generally restrict

exposure to atmospheric oxygen to the wound site.

Prior Art Dressings

Soluble collagen has been used as a subcutaneous implant for repairing
dermatological defects such as acne scars, glabellar furrows, excision scars
and other soft tissue defects. Collagen has also been used in many forms as
wound dressings such as collagen sponges, as described in Artandi, U.S.
Patent No. 3,157,524 and Berg et al., U.S. Patent No. 4,320,201. However,
most of these dressings are not satisfactory for the various types of
compromised tissues. Collagen films and sponges do not readily conform to
varied wound shapes. Furthermore, some collagen wound dressings have poor
fluid absorption properties and undesirably enhance the pooling of fluids.

Another example of dressings that have been developed are
hydrocolloid dressings. UK Patent No. 1,471,013 and Catania et al., U.S.
Patent No. 3,969,498 describe hydrocolloid dressings that are plasma soluble,
form an artificial eschar with the moist elements at the wound site, and
gradually dissolve to release medicaments. Hydrocolloid dressings in general,
and the Catania et al. dressings in particular, are subject to a number of
drawbacks. The major disadvantages of these dressings include the potential
to disintegrate in the presence of excess fluid at the site, and minimal, virtually
negligible, control over water and/or oxygen loss from the wound. This latter
disadvantage is particularly important, as excess water loss from a wound will
cause an increase in heat loss from the body as a whole, potentially leading to
hypermetabolism. In addition, hydrocolloid dressings require frequent
dressing changes. Some treatments for compromised tissues can cause
problems at the sites. For example, thin film dressings such as those described
in U.S. Patent No. 3,645,835, maintain excessive moisture over a wound bed,
contributing to the overhydration or maceration of surrounding skin.
Although sponges and gauze support tissue, they require frequent changing,
and cause irritation to the compromised tissues during body movement and
dressing removal. Calcium alginates turn into a gelatinous mass during
interaction with moisture, are difficult to remove completely, and often
dehydrate a wound bed due to the hydroscopic nature of the matrix. In
addition, none of these devices or materials contribute to maintaining an
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appropriate level of oxygen to the compromised tissue site. Nor do any of the
currently available devices significantly contribute to or support the autolytic

debridement phase of wound healing.

Delivery of Active Agents

Another desirable aspect of treatment of compromised tissues is the
delivery of active agents to the site of injury. Active agents for use in
compromised tissue treatment may be administered to an individual in a
variety of ways. For example, active agents may be administered via methods
known to those skilled in the art, such as topically, sublingually, orally, or by
injection (subcutaneous, intramuscular or intravenous). Nevertheless, there
are drawbacks to many of these methods, and an inexpensive, reliable,
localized and relatively pain-free method of administering active agents has
not been provided in the prior art.

One common method employed for.the treatment of compromised
tissues is the topical application.of a salve or eintment. Topical application to
a wound can be painful. Additionally, in the case of a deeply cavitated wound,
an excess of active agent may be required because the agent must diffuse
through layers of necrotic tissue and.newly forming epidermal tissues.
Furthermore, application of topical agents to sites in the interior of the body is
highly impractical in that the topical agents are washed off or migrate to other
sites. This difficulty in delivering the agent may require the application of an
excessive amount of the agent and preclude an accurate determination of the
effective amount of active agent delivered.

The oral and sublingual administrations of active agents used in wound
treatment also have their drawbacks. Ingestion of an active agent may result
in the agent having negative system-wide effects and possibly disturbing the
normal flora, or normal microbial environment, whose presence benefits an
individual. Successful absorption of the agent into the bloodstream also
depends on several factors such as the agent’s stability in gastrointestinal
fluids, the pH of the gastrointestinal tract, solubility of solid agents, intestinal
motility, and gastric emptying.

Injection of an active agent, a normally painful method of
administration, may have the same negative system-wide effects as that of an
oral or sublingual administration. Yet more importantly, a danger inherent in
the injection of an active agent is that rapid removal of the agent is impossible
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once it is administered. There is also a risk of transmission of infections and
the possibility of vascular injury due to the use of needles.

Therefore, topical, oral, sublingual and intravenous methods of
administration pose several problems when delivering active agents for the
treatment of compromised tissues. What is needed is a method of
administering an active agent for the treatment of compromised tissue in an
effective, safe and relatively pain-free manner.

What is needed therefore, are methods and compositions for improving
treatments for compromised tissue comprising materials having superior
exudate management capabilities, together with the ability to deliver active
therapeutic agents and participate in the management of oxygen tension
around such sites. Methods and compositions are needed that can provide
oxygen delivery to any size area of compromised tissue and preferably, may
also provide moisture control and delivery of other active agents.

In addition, there continues to be a need for a device such as a wound
dressing that possesses high moisture absorption capacity, a high rate of
absorption, as well as a capacity to regulate moisture at the wound bed-
dressing interface. Desirably, such a wound dressing device should stimulate
the autolytic debridement process, especially during the heavy exudating

phase of wound care management.

SUMMARY OF THE INVENTION

The present invention is directed to compositions, methods and devices
comprising contact tissue materials for delivery of gases and other active
agents. A preferred embodiment of the present invention comprises
compositions and methods for the treatment of compromised tissue. In
particular, the present invention provides methods and compositions for
providing gases, preferably oxygen, to a site of compromised tissue or to any
site where delivery of the gas is desired. Such sites include, but are not
limited to, compromised tissue such as ischemic or hypoxic tissue or wounds.
A preferred embodiment comprises the delivery of oxygen, which is important
in methods such as keeping cells, tissues, organs or animals alive, such as in
packaging of live fish, or tissue culture vessels.

Preferred embodiments of the present invention are directed to
methods and devices for treatment of compromised tissue, such as ischemic or
hypoxic tissue or wounds. In one embodiment of the present invention, a
tissue contact material is provided that delivers oxygen locally to the wound



WO 01/49258

10

PCT/US00/35560

site and may also allow for localized delivery of other active agents and
control of moisture and debridement. Such a tissue contact material can be
used as a wound dressing to treat wounds.

In preferred embodiments of the present invention, methods and
compositions are provided that comprise a material and a process for making a
novel material that contains an entrapped gas, preferably gaseous oxygen. The
material may comprise a natural or synthetic polymer that forms a closed cell
foam structure. Preferably, the cells of the foam are highly enriched for
gaseous oxygen and the walls of the foam cells are enriched for dissolved
oxygen. This material is useful as a primary tissue contact matrix where it is
desirable to transfer oxygen into the tissue environment to increase the oxygen
tension. A preferred embodiment is a polyacrylate matrix that is also flexible,
elastic, conformable and highly absorbent comprising an optimal wound

" dressing matrix.

15

Other substrates comprising formations of closed cell foams for the

delivery of oxygen to tissues are contemplated by the present invention. For

- ‘example, natural polymers of gelatin, dextrose, collagen, agar and -agarose

* possess necessary molecular architecture for the encasement of gases such as

- oxygen within closed cells to form a foam-like structure. These natural
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polymers have the added advantage in that they are absorbed by the tissues
over time thus eliminating the requirement for removal once the active agent
has been exhausted. Therefore, these materials may be implanted into deep
tissue sites.

Similarly other water swellable cross-linked polymers such as
polyacrylate, polymethacrylamide, polyester, polyether and polyurethane can
entrap gases such as oxygen in close cell reservoirs within the matrix for
delivery to compromised tissues. Furthermore, certain water non-swellable
polymers such as silastic and silicone elastomer polymers may entrap gases
such as oxygen within closed cell structures.

The methods, compositions and devices of the present invention may
be used to simultaneously deliver at least one active agent to a site. Agents
such as antimicrobial agents, antifungal agents, antiviral agents, growth
factors, angiogenic factors, anaesthetics, mucopolysaccharides and other
proteins may be incorporated into the compositions and devices for release
into the environment. Especially preferred compositions and devices comprise
a matrix that delivers both oxygen and another active agent that has enhanced
activity because of the presence of the oxygen. For example, certain
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therapeutic agents are relatively inactive under reducing conditions but
become significantly more active when conditions become more oxygenated.
Adjuvants and other agents, such as those that boost the immune system, may
also be incorporated into the devices of the present invention. A surprising
and novel aspect of embodiments having agents directly incorporated into
micro-cavities of the matrix is that the activities of the agents are not altered
by incorporation into the devices and that the agents are effective upon their
release.

In a further preferred embodiment, the devices of the present invention
comprise a stranded configuration, wherein the strands extend from at least
one common region and the strands themselves comprise a polyacrylate
matrix. In a preferred embodiment of the present invention, wound dressing
devices of the present invention comprise novel stranded structures made from
a matrix suitable for application to broken skin and underlying tissues. The
individual strands of the preferred embodiment may or may not have free
floating ends, however, the unique arrangement of the device allows it to
maintain optimal oxygen tension around a wound site, absorb excess wound
exudate, and simultaneously conform closely to the walls of the wound bed, in
order: to accelerate overall wound healing. In addition to oxygen tension
management, increased moisture absorption and the ability to deliver active
agents, the individual strands of the devices may participate in mechanical
debridement thereby accelerating the wound healing process. Additionally,
preferred devices may be left in place for prolonged periods between changes.

Accordingly, it is an object of the present invention to provide
compositions and methods for the delivery of oxygen.

Another object of the present invention is to provide compositions,
methods and devices for the treatment of compromised tissue.

A further object of the present invention is to provide compositions,
methods and devices comprising materials that enable the management of
oxygen tension in a localized environment.

Still another object of the present invention is to provide devices that
deliver oxygen to contacted tissues.

It is another object of the present invention to provide compositions,
methods and devices that absorb excess moisture at a site.

Yet another object of the present invention is to provide compositions,

methods and devices comprising incorporation of active agents.
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It is another object of the present invention to provide compositions,
methods and devices that promote autolytic debridement of compromised
tissues such as wounds.

A further object of the present invention is to provide compositions,
methods and devices for external and internal compromised tissues.

Another object of the present invention is to prevent infection by
providing compositions, methods and devices that clean wound sites by
removing debris and contaminating material.

Still a further object of the present invention is to prevent infection by
providing compositions, methods and devices that provide oxygen to anerobic
sites.

In yet another object of the present invention, compositions, methods
and devices are provided that deliver active agents, with or without the
delivery of oxygen, to compromised tissue sites, for the prevention of
infection and to aid in healing.

Another object of the present invention is to provide compositions,
methods and devices that deliver oxygen for the enhancement of the activity of
active or therapeutic agents.

Yet another object of the present invention is to provide compositions,

. methods and devices that deliver oxygen so that living organisms are kept

alive.

Still a further object of the present invention is to provide
compositions, methods and devices that deliver oxygen to tissues and organs
that are removed from their original source, such as tissues and organs that are
used for transplants.

A further object of the present invention is to provide compositions,
methods and devices that deliver oxygen for packaging and shipping purposes.

It is another object of the present invention to provide compositions,
methods and devices that easily conform to the shape of a compromised tissue
site.

It is yet another object of the present invention to provide compositions
and devices that are easily manufactured.

Still another object of the present invention is to provide compositions,
methods and devices that may be easily removed from compromised tissues

and replaced.
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Yet another object of the present invention is to provide compositions,
methods and devices that are compatible with injured tissue and do not induce
irritation or inflammation.

It is yet another object of the present invention to provide
compositions, methods and devices that function to both absorb wound
exudate and promote autolytic debridement.

Another object of the present invention is to provide compositions and
methods for making single unit construction devices having multiple strands.

It is another object of the present invention to provide methods and
compositions for treating compromised tissues using devices that function to
both absorb moisture, deliver oxygen and deliver active agents.

An object of the present invention to provide methods and
compositions for treating wounds using wound dressing devices having active
agents incorporated therein.

Still another object of the present invention is to provide methods and
compositions for delivering active agents to wound sites and damaged tissue.

A further object of the present invention is. to provide tissue contact
material that entraps gaseous oxygen or other gases to form a closed cell foam.

It is another object of the present invention to provide an oxygen-
delivering tissue contact material that may be resorbed by tissues.

These and other objects, features and advantages of the present
invention will become apparent after a review of the following detailed
description of the disclosed embodiments and the appended claims.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph demonstrating the results of an experiment
conducted to develop a method of determining total oxygen present in foamed
oxygen dressing. The graph shows that as a greater volume of distilled water
is used for oxygen extraction, the calculated total oxygen concentration
reaches a plateau of approximately 6268.6 ppm.

Figure 2 is a graph showing the rate of release of oxygen into various
substrates (water, saline and ABS) over time.

Figure 3 is a graph showing the results of an experiment conducted in
order to determine whether an oxygenated matrix can donate biologically
relevant amounts of oxygen. In particular, the graph provides the survival
time of goldfish in various sealed containers, with or without oxygen
dressings.



WO 01/49258

10

15

20

25

30

35

PCT/US00/35560
12

Figure 4 is a graph showing moisture uptake of different formulations
of oxygenated dressings.

DETAILED DESCRIPTION

The present invention comprises compositions, methods and devices
for the delivery of gases, preferably oxygen, or other active agents, to a
localized environment. Preferred embodiments of the present invention
comprise devices comprising matrices that can deliver known amounts of
oxygen. The preferred embodiments are used in methods of treatment of
compromised tissues and for methods of preserving life and maintaining the
state of extracted tissues or organs.

The present invention comprises compositions, methods and devices
for the treatment of compromised tissues. A preferred embodiment of the
present invention comprises compositions and methods for treating
compromised tissue comprising tissue contact materials that entrap oxygen
within closed cell foam-like material -capable of providing or maintaining
optimal oxygen tension at a compromised tissue site while absorbing excess
fluid and optimizing the microenvironment to facilitate tissue repair and
regeneration if needed. In addition, preferred devices of the present invention
have superior wound exudate/moisture absorption capabilities. In certain
embodiments of the present invention, the methods, compositions and devices
further comprise active agents incorporated therein for release at the site. Ina
further preferred embodiment, the matrix composition comprises a polymer
network with a non-gellable polysaccharide dispersed evenly throughout the
network. The matrices of this preferred embodiment provide a reliable and
efficient means for maintaining oxygen tension, delivering active agents to the
wound while at the same time providing a superior moisture regulation
capacity. In still another embodiment of the invention, the polymer is a
bioresorbable polymer suitable for topical and for implantation applications.

The tissue contact material devices of the present invention are not
restricted by form or shape. The devices may be constructed in sheet style
formats of various dimensions. Similarly, the materials can be molded to
conform to various shapes and contours as required by the intended use.
Preferred embodiments of the present invention, particularly those used as
wound dressing devices, may also take a particular conformation. For

example, a preferred embodiment of the present invention comprises a
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stranded configuration wherein the individual strands extend from at least one
common region and may have free floating ends. This particular conformation
is particularly suitable for use in deeply cavitated wounds since the multiple
matrix strands enable the dressing to conform to individual and uniquely
shaped wound areas. Furthermore, the devices accelerate wound healing by
displacing and allowing for the removal of excess cellular exudate and debris,
thereby improving the rate of tissue repair and regeneration.

Definitions

The terms "a", "an" and "the" as used herein are defined to mean one or
more and include the plural unless the context is inappropriate.

The term "compromised tissue" as used herein can be one or more
tissues and includes any organism, organ system, organ, tissue, cells or
cellular components that is not in its normal metabolic state. For example, it
means any tissue that has an abnormal blood supply, such as that caused by
ischemic conditions, hypoxic conditions, infarction, occlusions, blockages, or
trauma. It also includes wounds and damage to structural components.

The present invention is directed to compositions, methods and devices
for the delivery of active agents, including gases. In particular, preferred
embodiments are directed to delivery of oxygen to compromised tissue. An
example of preferred embodiments for treatment of compromised tissues is the
treatment of wounds. This example is for illustration, and should not be used
in a limiting sense, and such preferred embodiments can be used for treatment
of other types of compromised tissue.

In addition to the management of excess moisture and infection around
a wound site, it is also important to maintain the appropriate oxygen tension
around the wound in order to facilitate effective healing. Several studies have
shown that whereas oxygen tension in normal, uninjured tissue is
approximately 80 to 100 mm Hg, the tension in injured or damaged tissue is as
low as 3 to 30 mm Hg. It has also been demonstrated that levels of oxygen
below 30 mm Hg are insufficient to support the process of wound repair. The
novel methods and compositions of the present invention provide unique
tissue contact materials that enable not only the absorption and management of
wound exudate and moisture, but importantly also enable the control of
oxygen tension around a wound thereby facilitating efficient and superior
tissue repair and regeneration. In alternative embodiments of the invention,
the wound dressing device also comprises active therapeutic agents which are
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released and can be delivered in a controlled release manner. The release may
be mobilized by a fluid phase that occurs as the matrix takes up moisture from
the environment or the contact substrate.

A preferred embodiment of the present invention comprises a
suspension of components for the formation of a polymer, such as acrylamide,
together with various solvents such as lipids, water and alcohol. More
particularly, a preferred composition comprises a water suspension containing
acrylamide, bis acrylamide, glycerol, guar gum and isopropyl alcohol. The
suspension is mixed to completely hydrate the guar gum and dissolve the other
ingredients. Subsequently, a solution such as TEMED is sequentially added
together with ammonium persulfate and sodium carbonate. The material is
then mixed and poured into molds and allowed to gel. The gelled sheets are
transferred into a drying oven for dehydration and are then rehydrated with a
solution of hydrogen peroxide. After a ‘rest period’ of several hours, the
foamed oxygen-containing material may then be cut to size and sterilized, for
example, by electron beam irradiation.

A specifically preferred composition of the present invention is made
according to the following method. To 42:5 g H,0 add 2.47 g acrylamide,
0.03 g bis acrylamide, 2.5g glycerol and 0.275 g guar gum suspended in 0.275
g isopropyl alcohol. Mix the suspension for 3 hours to completely hydrate the
guar gum and dissolve the other ingredients. Sequentially add to the mixture
0.026133 ml TEMED, 0.368 g ammonium persulfate and 0.0888 g sodium
carbonate. After 5 minutes of mixing the mixture is poured into sheet molds
and allowed to gel. The gelled sheets are then transferred into a drying oven at
45-50°C to dehydrate below 10% w/w moisture. The sheets are then
rehydrated with a 10% solution of hydrogen peroxide at the ratio of 0.6 g sheet
to 0.25 ml solution. The material is allowed to stand for 12 hours. The
foamed oxygen containing material may then be cut to size and sterilized by
electron beam irradiation.

The chemical reaction between the hydrogen peroxide (second
reactant) and the carbonate catalyst (reactant) causes the formation of water
and gaseous oxygen which in turn causes the formation of closed cells or
bubbles within the matrix. The cells contain an enriched concentration of
gaseous oxygen. The moisture in the walls of the matrix contain dissolved
oxygen.

As is known to those of skill in the art, the components listed above in
the preferred composition may be substituted by similar or equivalent
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materials. For example, the process may be carried out by substituting the
carbonate reactant with other types of catalysts. Catalysts also include, but are
not limited to, organic and inorganic chemicals such as cupric chloride, ferric
chloride, manganese oxide, sodium iodide and their equivalents. Other
catalysts, include, but are not limited to enzymes such as lactoperoxidase and
catalase.  Similarly, the second reactant, hydrogen peroxide, may be
substituted with other peroxides, including, but not limited to, ammonium
peroxide and sodium peroxide. The present invention contemplates use of
components that can generate a gaseous element within the matrix and that are
safe and effective for use. For example, an acid catalyst can be incorporated in
the matrix followed by perfusion of the matrix with a carbonate to generate
carbon dioxide gas within the matrix. Such materials are then used to buffer
solutions or environments.

Further details concerning the methods and compositions of the present
invention are found in the Examples below.

Active agents

The active agents incorporated into the present invention are
selected on the basis of the use of the device. Active agents and their effects
are known by those skilled in the art and methods for including these agents
into the matrices of the present invention are taught herein. The present
invention contemplates the inclusion of one or more active agents, depending
on the intended use. The compositions and devices may include one agent,
such as oxygen, or may include multiple agents. For example, if the device is
a matrix gel sheet placed in a tissue culture dish and is used to provide oxygen
to the growing cells, the active agents include oxygen and any other agents
that aid the cells, such as antimicrobials to maintain sterility, or growth factors
to aid in cell growth.

If the devices are used for topical treatments, such as treatments for
compromised tissues, the devices comprise active agents that aid in treatment
of compromised tissues. For example, the devices are used for the treatment
of wounds, in skin healing or for cosmetic applications. The active agents aid
and improve the wound healing process, and may include gases, anti-microbial
agents, including but not limited to, anti-fungal agents, anti-bacterial agents,
anti-viral agents and anti-parasitic agents, mycoplasma treatments, growth
factors, proteins, nucleic acids, angiogenic factors, anaesthetics,

mucopolysaccharides, metals and other wound healing agents.
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Active agents include, but are not limited to, gases, such as oxygen,
nitrogen, carbon dioxide, and noble gases, pharmaceuticals, chemotherapeutic
agents, herbicides, growth inhibitors, anti-fungal agents, anti-bacterial agents,
anti-viral agents and anti-parasitic agents, mycoplasma treatments, growth
factors, proteins, nucleic acids, angiogenic factors, anaesthetics,
mucopolysaccharides, metals, wound healing agents, growth promoters,
indicators of change in the environment, enzymes, nutrients, vitamins,
minerals, carbohydrates, fats, fatty acids, nucleosides, nucleotides, amino
acids, sera, antibodies and fragments thereof, lectins, immune stimulants,
immune suppressors, coagulation factors, neurochemicals, cellular receptors,
antigens, adjuvants, radioactive materials, and other agents that effect cells or
cellular processes.

Examples of anti-microbial agents that can be used in the present
invention include, but are not limited to, isoniazid, ethambutol, pyrazinamide,
streptomycin,  clofazimine, rifabutin, fluoroquinolones, ofloxacin,
sparfloxacin, rifampin, azithromycin, clarithromycin, dapsone, tetracycline,

- erythromycin, ciprofloxacin, doxycycline, ampicillin, amphotericin B,

‘ketoconazole, fluconazole, pyrimethamine, sulfadiazine, clindamycin,
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lincomycin, pentamidine, atovaquone, paromomycin, diclazaril, acyclovir,
trifluorouridine, foscarnet, penicillin, gentamicin, ganciclovir, iatroconazole,
miconazole, Zn-pyrithione, and silver salts such as chloride, bromide, iodide
and periodate. ,

Growth factor agents that may be incorporated into compositions and
devices of the present invention include, but are not limited to, basic fibroblast
growth factor (bFGF), acidic fibroblast growth factor (aFGF), nerve growth
factor (NGF), epidermal growth factor (EGF), insulin-like growth factors 1
and 2, (IGF-1 and IGF-2), platelet derived growth factor (PDGF), tumor
angiogenesis factor (TAF), vascular endothelial growth factor (VEGF),

corticotropin releasing factor (CRF), transforming growth factors o and B

(TGF-o. and TGF-B), interleukin-8 (IL-8); granulocyte-macrophage colony
stimulating factor (GM-CSF); the interleukins, and the interferons.

Other agents that may be incorporated into compositions and devices
of the present invention are acid mucopolysaccharides including, but are not
limited to, heparin, heparin sulfate, heparinoids, dermatitin sulfate, pentosan
polysulfate, chondroitin sulfate, hyaluronic acid, cellulose, agarose, chitin,
dextran, carrageenan, linoleic acid, and allantoin.
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Proteins that may be especially useful in the treatment of compromised
tissues, such as wounds, include, but are not limited to, collagen, cross-linked
collagen, fibronectin, laminin, elasﬁn, and cross-linked elastin or combinations
and fragments thereof. Adjuvants, or compositions that boost an immune
response, may also be used in conjunction with the wound dressing devices of
the present invention.

Other wound healing agents that are contemplated in the present
invention include, but are not limited to, metals. Metals such as zinc and
silver have long been known to provide excellent treatment for wounds.
Delivery of such agents, by the methods and compositions of the present
invention, provide a new dimension of care for wounds.

It is to be understood that in preferred embodiments of the present

invention, the active agents are incorporated into compositions and devices so

15

that the agents are released into the environment. In topical treatments, the
agents are then delivered via transdermal or transmucosal pathways. The

incorporated agents may be released over a period of time, and the rate of

.release can be controlled by the amount of cross-linking of the polymers of the

~matrices. In this way, the present invention retains its ability to affect the local
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environment, kill or inhibit microorganisms, boost the immune response, exert
other alterations of physiological function and provide active agents over an
extended period of time.

In another embodiment of the present invention, active agents are
incorporated directly into micro-cavities of the matrix of the wound dressing
devices. The agents may be incorporated by absorption of agents by the
matrix, and preferably by incorporation during the polymerization of the
matrix. It is theorized that the release of the active agents may be controlled
via manipulation of concentration parameters, movement of water through the
matrix and the degree of cross linking in the matrix.

Administering active agents for the treatment of compromised tissue
by using the compositions and methods of the present invention overcomes
several of the problems of the prior art. First, the present invention avoids the
painful re-application of salves and ointments to compromised tissues. The
present invention also allows active agents to be delivered directly to the site
to prevent the negative impact of system-wide delivery of the agents. In the
case of deeply cavitated wounds, in contrast to the topical application of active
agents, wound dressing compositions and devices with active agents therein
may be located directly within the wound, providing a more effective delivery
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of the agents. Finally, in contrast to an injection of active agents, the present
invention provides methods of administering active agents wherein the agents
may be removed immediately from the compromised tissue and the

administration terminated.

Matrices

The present invention comprises a matrix material such as
polyacrylamide and a non-gellable mucopolysaccharide, and most preferably,
further comprises a catalyst (reactant) that generates a gas when reacted with
another component (second reactant), and further comprises one or more
active agents incorporated therein. A unique feature of the matrices of the
present invention is the formation of the foam or array of bubbles that entrap
the gas. The foam or bubbles are formed by the permeation of the second
reactant added to the formed matrix that includes a reactant. When the two
reactants interact, a reaction occurs that liberates gas which is entrapped

‘within the matrix. For example,.a matrix has a carbonate catalyst (a reactant)

incorporated within it. The formed matrix is then placed in the presence of the

second reactant, hydrogen peroxide. A catalytic decomposition of hydrogen

. peroxide occurs resulting in the liberation of oxygen gas which becomes
entrapped as bubbles formed in situ. The hydrogen peroxide reactant is not

part of the compounding of the matrix, but it is in the treatment after the
formation of the matrix stock.

In preferred embodiments of the present invention, the matrix is
flexible and elastic, and is a semi-solid scaffold that is permeable to
substances such as aqueous fluids, inorganic salts, aqueous fluids and
dissolved gaseous agents including oxygen. Though not wishing to be bound
by any particular theory, it is thought that the substances permeate the matrix
through movement via intermolecular spaces among the cross-linked polymer.

Preferably, the matrix material is constructed from natural or synthetic
polymers.  The matrix may also optionally include a non-gellable
polysaccharide. Natural polymers that may be used include, but are not
limited to collagen, gelatin, chondritin, calmodulin, cellulose, agar, agarose,
animal hide, hyaluronic acid, dextran and alginate. Synthetic polymers that
may be used include, but are not limited to polylysine and other resorbable
polymers, polyacrylamide, polymethacrylate, polyacrylate, polybuterate,
polyurethane foam, polyether, silastic, silicone elastomer, rubber, nylon, vinyl
or cross-linked dextran. If cross-linked dextran is used, it is preferred that the
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molecular weight of the dextran polymer is between 50,000 and 500,000.
Additionally, the matrix material can be made from a combination of natural
and synthetic polymers, or mixtures of synthetic polymers or mixtures of
natural polymers.

The most preferable non-gellable polysaccharide is a non-gellable
galactomannan macromolecule such a guar gum. A concentration range of
guar gum between approximately 0.005 to 53% w/w, preferably between
approximately 0.05 to 5% w/w, and most preferably between approximately
0.25 to 1% wiw is generally sufficient. Other non-gellable polysaccharides
may include lucerne, fenugreek, honey locust bean gum, white clover bean
gum and carob locust bean gum.

To decrease the permeability of the matrix, water loss control agents
may be applied to the surface of the device. Application of water loss control
agents is preferred since a decrease in the permeability of the device controls
the loss of fluids. The preferred water loss control agent is petrolatum,
however, other water loss control agents such as glycolipids, ceramides, free
fatty acids, cholesterol, triglycerides, sterylesters, cholesteryl sulfate, linoleic
ethyl ester and silicone -0il may also be used. Additionally, the compositions
and devices may have an impermeable sheet covering one or more surfaces to
aid in control of moisture. '

If desired, a plasticizer may also be added to the matrix material.
Preferred plasticizers include glycerol and water, however, propylene glycol
and butanol may also be used. If glycerol is used, a range of between
approximately 0.25 to 25 % w/w, preferably between 0.5 to 12 % w/w, and
most preferably between approximately 2.5 to 8 % w/w is generally sufficient.
The plasticizer may be added in the initial mixture of polymer and cross-
linking agent.

If desired, a hydration control agent may be incorporated into the
matrix. The preferred hydration control agent is an isopropyl alcohol,
however, ethanol, glycerol, butanol, and propylene glycol may also be used.
A range of isopropyl alcohol of between approximately 0.05 to 5 % w/w,
preferably between approximately 0.1 to 2.5 % w/w and most preferably
between approximately 0.25 to 1 % w/w is generally sufficient.

The matrix of a preferred embodiment preferably comprises
polymerized chains of polyacrylamide, wherein the acrylamide monomers are
cross-linked with a cross-linking agent, and a non-gellable polysaccharide and
an active agent or pharmaceutical may become directly encapsulated into
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micro-cavities therein. A range of acrylamide between approximately 0.5 to
50 % w/w, preferably between approximately 1 to 25 % w/w, and most
preferably between approximately 2.5 to10 % w/w is generally sufficient.

The most preferable cross-linking agent is N,N’-methylene-
bisacrylamide, however other appropriate cross-linking agents such as
bisacrylylycystamine and diallyltartar diamide may also be used. If NN'-
methylene-bisacrylamide is used, a range of between approximately 0.005 to
0.5 % w/w, preferably between approximately 0.01 to .25 % w/w, and most
preferably between approximately 0.025 to 0.15 % w/w is generally sufficient.

Ammonium persulfate and TEMED may also be added to the matrix.
A range of ammonium persulfate between approximately 0.005 % to 0.5 %
w/w, preferably between approximately 0.01 to 0.25 % w/w, and most
preferably between approximately 0.025 to 0.1 % w/w is generally sufficient.
Additionally, a range of TEMED between approximately 0.001 to 0.5 % w/w,
preferably between approximately 0.01 to 0.25 % w/w, and most preferably
between approximately 0.025 to 0.15 % w/w is generally sufficient.

A most preferred -embodiment of the present invention comprises
reactants used to create the bubbles or foam that entrap gas. These reactants
can be catalysts that react with the second reactant to form the bubbles and
entrap the gas. A most preferred reactant or catalyst is sodium carbonate. A
range concentration of the reactant or catalyst is between approximately 0.005
% to 10.0 % w/w, preferably between approximately 0.01 to 5.0 % w/w, and
most preferably between approximately 0.1 to 5.0 % w/w is generally
sufficient. ~The most preferred concentration of sodium carbonate is
approximately 1.0 % w/w.

Incorporation of Active Agents

One embodiment of the matrices of the present invention can be found
in U.S. Patent No. 5,196,190 to Nangia et al., which is hereby incorporated in
its entirety. Nangia er al. teach a matrix composed of a natural or synthetic
polymer, a non-gellable polysaccharide, and a phospholipid based drug
delivery system. In particular, Nangia et al. teach a matrix capable of drug
delivery, wherein lipid vesicle liposomes containing a desired drug are
incorporated into the matrix.

One problem with such a matrix, however, is the difficulty of
incorporating active agents into the liposomes because some agents may be
incompatible with liposome chemistry. Incorporation using liposomes is time
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consuming, expensive and sometimes unreliable because dispersion of the
liposomes in the matrix is difficult to achieve and once achieved, the
liposomes may prematurely release costly agents due the liposomes’ inherent
instability. Another problem is that the prior art fails to teach a method of
incorporating active agents into a device wherein the release of the agent over
time can be controlled through the manipulation of concentration parameters,
movement of water through the matrix and the degree of cross linking in the
matrix.

Preferred embodiments of the present invention however, address the
need for a less expensive, quicker, and more reliable method for incorporating
a wider range of desired agents into wound dressing devices. Preferred
embodiments also provide a means to control the release of the desired agents
over time via manipulation of concentration parameters, movement of water
through the matrix and the degree of cross-linking in the matrix. In a preferred
embodiment, the desired agents may be directly incorporated into the matrix
by adding the agents into the initial formulation for the matrix prior to cross-
linking. This method of incorporation is inexpensive, rapid and reliable, and
most surprisingly, the incorporated agents are not affected by the process of
polymerization and retain their biological activities. Additionally, active
agents may be adsorbed.or--absorbed into a preformed matrix. Some
embodiments have the second reactant and the active agent added to the
preformed matrix, either simultaneously or sequentially, for perfusion within
the matrix. The present invention also contemplates other methods of
incorporation of active agents, such enclosed within liposomes or other
vesicles, other methods known to those skilled in formulations for delivery of
active agents.

Using preferred embodiments of the present invention, delivery of the
desired agents may be controlled by the use of movement of liquid through the
matrix. Though not wishing to be bound by any theory, it is theorized that the
liquid in a matrix of polymer and non-gellable polysaccharide is either bound
to the non-gellable polysaccharide or it is unbound in the polymer mass.
Thus, it is theorized that the present invention uses the free liquid portion of
the matrix as a general solvent and as a means to deliver desired agents.
Soluble drugs are easily dissolved in the free liquid portion, however slightly
soluble drugs are ground to a fine powder and may require the use of a wetting
agent such as glycerol or isopropyl alcohol or a surfactant such as polysorbate,

triton-X or sodium lauryl sulfate.
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Once the desired active agent or agents are dispersed throughout the
matrix, it is thought that a portion of the agent resides in the non-gellable
polysaccharide, while another portion of the agent is dissolved in the free
liquid phase and moves freely through the matrix. The ability of the agent to
move freely throughout the matrix in the free liquid phase is useful in the
agent delivery system of the present invention. Because the agent is dissolved
in the free liquid phase, a concentration gradient of the active agent is created
between the matrix and the moisture of the environment. Therefore, when the
matrix is placed onto a moist surface, the soluble agent will move through the
free liquid phase toward the agent-free moisture, resulting in the delivery of
the agent. This movement of soluble agent further upsets the equilibrium
between soluble and insoluble agents, and causes more agent to dissolve into
the free liquid phase, thus causing more agent to be delivered. Because
preferred embodiments of the present invention incorporate the desired agent
directly into the matrix rather than incorporating the drug into other delivery
vehicles such as liposomes, the agent may be dissolved in the free liquid phase -
and reliably delivered through the process described above. It is theorized that

gaseous agents, such as oxygen, are dissolved inthe liquid of the matrix and

. are released from the matrix. Additionally, the gases may be released directly
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mto the air of the environment, enriching the environment.

Delivery of the desired agents may also be controlled by the degree of
cross-linking in the matrix. As described above, the desired agents may be
added to the other components forming the matrix, prior to the addition of the
cross-linking agent. Subsequent addition of the cross-linking agent and
concomitant polymerization results in both chain elongation of monomeric
chemicals and cross-linking between chains of monomers. The combination
of chains cross-linked together creates micro-cavities wherein the desired
agents are encapsulated. By controlling the amount of cross-linking agent and
the length of chains of monomer, it is possible to regulate the size of the
micro-cavities in the polymer. Larger micro-cavities, produced by a lower
degree of cross-linking, allow for freer migration and quicker delivery of the
desired agent, whereas smaller micro-cavities increase the delivery time.
Although the liposome-based delivery system may also make use of the
degree of cross-linking, the liposome itself acts as an additional barrier to
delivery, making delivery less controlled and less reliable than liposome-free
delivery.
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Stranded Structure

The compositions and devices of the present invention may take many
physical forms, depending on uses of the compositions and devices. A
preferred shape is a gel sheet that can be cut or molded into any two
dimensional shape. Other preferred embodiments are primarily constructed of
thin strands of matrix suitable for placement into the wound bed or cavity.
The preferred devices may be constructed from one or multiple strands of
matrix. When multiple strands are used in the construction, the strands are
secured together by wrap, tie, glue, or alternatively by a continuous bridge of
matrix between adjacent strands. Multiple strands are secured together to
minimize accidental loss during removal of the dressing from the wound bed.
Typically, the strands of particular embodiments are bound or secured in the
mid-region so that the ends of the device may float free. The advantage of free
floating strands is to enable the individual strands to access a maximum
volume of the wound and thereby absorb. the excess fluid, exudate and debris.
The mechanical action of the free floating strands contributes to the trapping
and removal of cellular and wound debris. Concurrently the free floating
strands also conform optimally with the contours. of the wound surface to
maximize contact between the device and the wound bed. See U.S. Patent No.
5,928,174, herein incorporated by reference in its entirety.

The unique stranded embodiment is particularly desirable because it
enables the device to maintain its integrity and also maximize the surface area
to volume ratio of its matrix. This is important since the matrix may be an
absorbent material where a high surface area to volume ratio increases the rate
of absorption, without increasing the overall absorption capacity of the device.

In a preferred embodiment, the wound dressing is principally
constructed of a "stranded" matrix, which allows for optimal contact between
the strands and the wound area. In addition, the stranded matrix construction
maximizes the overall flexibility and pliability of the dressing. In
embodiments of the device where multiple strands are employed, the overall
flexibility and conformational characteristics of the device are maintained by
binding strands in only limited and restricted areas. Minimal binding of the
strands prevents the formation of rigid areas and allows for the effective and
optimal utilization of numerous strands in a single device without adversely
diminishing contact with the surface of the wound bed.

Another advantage of the stranded matrix construction is the "semi-

porous" quality of the wound dressing that allows for the removal of
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extraneous cellular matter resulting during the wound healing process. The air
in the inter-strands area of the device serve as a reservoir of space that may be
displaced allowing for the removal of excess materials such as exudate fluid,
debridement product and cellular exudate from the wound bed. As this region
fills, the device may swell to provide "support" to the wound bed and
surrounding tissues. A wound constitutes damaged or "missing" tissue, and
when tissue is missing, the surrounding tissue may "collapse" or sag into the
void. "Support" in this context therefore, means the temporary filling of the
void to hold the surrounding tissue in place where it should reside.

Removal of debridement product and cellular exudate is further
facilitated by unbound, loose strands of the wound dressing devices. When
placed upon a wound, the loose strands of the devices randomly orient in the
wound bed where the thin filamentous strands and free floating ends
contribute to mechanical debridement of necrotic slough. Since the strands are
secured and bound in at least one region, a mechanical union is formed,
'ensuring that all strands and necrotic tissue accumulation in the inter-strand
spaces are removed from the wound when the device is changed.. By
contributing to the removal of extraneous wound products and cellular debris,
the wound dressing device permits cleaning of the wound which in turn.
prevents and decreases the possibility of infection and contamination.

A preferred stranded configuration of the present invention is
particularly desirable because the novel design provides a high surface area to
volume ratio to maximize interchange between the matrix and wound moisture
and wound debris. The multiple strands of the preferred configuration provide
maximal inter-strand space to serve as a reservoir for moisture, necrotic
materials, or agents scheduled for delivery to the wound bed. The superior
moisture absorption and regulation capacity of the preferred embodiment
equip the wound dressing devices for use on heavily to moderately draining
wounds.

In one embodiment, the wound dressing device is constructed from a
matrix composed of an absorbent synthetic polyacrylate material. The rate of
absorption of polyacrylate is significantly increased by cutting the material
into strands, which increases the surface area to volume ratio. This also
provides a greater surface area for the release of dissolved oxygen and other
active agents from the device. Polyacrylate material is particularly suitable for
the wound dressings of the present invention because it retains its integrity
during interaction with wound exudate moisture, as well as with necrotic
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tissue and wound debris. The wound dressing device of the present invention
does not dissolve, gel or otherwise disintegrate during application to the
wound. The preferred matrix swells slightly during the absorption of moisture,
causing the device to conform closely to the walls of the wound bed.

In a preferred embodiment, the polyacrylate matrix is cut into free-
floating strands bound together through a matrix-bridge in the mid-region.
This pattern of construction imparts a significantly high surface area to
volume ratio for rapid moisture movement within the absorbent matrix.

Wound dressing devices of the present invention may be produced by
cutting a desired design pattern from stock sheets of matrix material. For
example, the material may be die-cut from stock sheets of an absorbent
polyacrylate wound dressing material. The stranded cut-out may then be
coated with an agent to prevent aggregation and tangling of the free floating
strands. Coating agents that may be used include, but are not limited to,
petrolatum, talcum, polyglycols, glycerol, propylene, glycol, vegetable oil, and

-animal oil. Following the steps of cutting and coating, the material may be
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sterilized using sterilization techniques known in the art such as gamma
radiation, steam and heat sterilization, electron beam or chemical sterilization
(such as by use of ethylene oxide).

A preferred composition of the present invention is a -matrix
comprising a polymer, a non-gellable polysaccharide, and one or more active
agents incorporated therein. A more preferred matrix comprises an acrylamide
polymer, guar gum, and one or more active agents incorporated therein. A
most preferred matrix comprises an acrylamide polymer, guar gum, and a
catalyst that will support the decomposition of hydrogen peroxide to cause the
formation of closed cells containing oxygen in the matrix. In addition the
preferred embodiment may have one or more active agents incorporated
therein, and is formed into a stranded structure wherein the strands are secured
by at least one common region.

The wound dressing devices of the present invention may be used on
injured tissue and for bodily fluid drainages where control and management of
fluid and secretions is desired along with the delivery of oxygen to the tissues.
The term “bodily fluid,” as used herein, includes, but is not limited to, saliva,
gingival secretions, cerebrospinal fluid, gastrointestinal fluid, mucous,
urogenital secretions, synovial fluid, blood, serum, plasma, urine, cystic fluid,
lymph fluid, ascites, pleural effusion, interstitial fluid, intracellular fluid,
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ocular fluids, seminal fluid, mammary secretions, vitreal fluid, and nasal
secretions.

In particular, the wound dressing devices of the preferred embodiments
are especially applicable for usage on heavily exudating acute and chronic
wounds for controlling accumulating exudate moisture, support of the wound
bed and surrounding tissues and supplying oxygen. Importantly, the wound
dressings are particularly effective for stimulating and supporting autolytic
debridement, inhibiting the growth of anaerobic bacteria and therefore
accelerating the wound healing process.

In use, the wound dressing devices of the present invention are the
primary dressing placed in direct contact with the wound bed, or as near as
practical against the wound bed. The devices may serve as a packing material
and, if required, may be secured into position with any suitable secondary
wound dressing such as a wrap, tape, gauze, or pad. The dressings are

-temporary, however, and are not intended for permanent incorporation into the
‘healed tissues. When necessary, the wound dressing devices are changed by

first removing any over-dressing material and then removing the device,

. whereby any accumulated necrotic tissue and exudate is lifted away. The

wound dressing devices of the present invention may be replaced by a fresh
device or other suitable wound covering.

Additionally, wound dressing devices or contact tissue material
devices of the present invention may be made of resorbable materials, such as
polylysine or natural polymers. These devices may be left in place and are
then resorbed by the body, instead of being removed. Such devices can
comprise active agents, such as gases or other agents such as pharmaceutical
or anesthetic agents.

The devices may be placed in their entirety into a wound, placed in
combination with additional bundles of the same design into the wound, or cut
through the bridge between strands to reduce the size or number of strands
present in the wound.

The devices of the present invention may be cut, shaped and modified
to accommodate numerous uses and applications. For example, the devices
may be used as a gastric retrievable device, wherein a retrieval cord is attached
to the device that is then swallowed. After absorption has taken place, the
devices may be retrieved and analyzed for content.

The devices may undergo a swelling action as they absorb exudate
moisture, however, they will not dissolve or disintegrate. The swelling action
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displaces necrotic material from the wound surface and forces the material into
the inter-strands regions of the device. The laden moisture content and the
retention of moisture near the wound bed by the invention contributes to
stimulation of the autolytic debridement process whereby the body's own
enzymes break-up necrotic tissue and cellular debris. Complete removal of
the device occurs due to the conjoined nature of the device.

Other uses of the present invention include treatments for
compromised tissues. The compositions and devices of the present invention,
comprising tissue contact material, may comprise a gas, such as oxygen in an
oxygen delivery function to replace some or all of the oxygen lost in the
compromised tissue. Compositions and devices that comprise a gas delivery
function, such as oxygen, and comprise other active agents are used to provide
oxygen and other necessary agents, such as growth factors, nutrients or
prevent infections or immune destruction in the compromised tissues.

The present invention is used to deliver gases, preferably oxygen, to
any desired environment. Such an environment may be a tissue culture vessel.
For example, a sheet of the matrix of the present invention comprising oxygen
can be added to the tissue culture vessel and the matrix will release oxygen,
allowing for the growth.of the tissue culture. Oxygen-delivery matrices can be
used to deliver oxygen-to aquatic organisms that are trapped within a closed
environment. Addition of an oxygen-containing matrix provides a steady
source of oxygen for the organisms and prevents their death from suffocation.
Additionally, oxygen-delivery matrices can be used to maintain oxygen levels
in transplant organs or tissues and prevent their decay. For example, once the
organ is removed, such as a kidney or heart donation, the organ is wrapped in
a sheet of an oxygen-delivery matrix, placed in a cold environment and
transported to the site where the transplant will occur.

The matrices of the present invention can deliver gases to organisms in
need of such gases. For example, hydroponic plants can be provided with
carbon dioxide or oxygen by the same or different matrices placed within the
environment.  Matrices can be placed in surrounding air or water
environments. Provision of gases using the matrices of the present invention
has applications for use in outer space. Matrices can be placed where delivery
is desired and can be used for regular or emergency situations.

Oxygen-delivery matrices can be used to provide oxygen to anaerobic
environments. In the presence of the matrix, anaerobic organisms will be

killed, providing treatments for infections due to anaerobic organisms. One
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use for an oxygen-delivery devices such as the present invention, is in the
control and elimination of strict anaerobic bacteria. Anaerobic bacteria have
low or no tolerance for elemental oxygen and rapidly die if exposed to air or
any other source of the gas. Pathogenic strains of these organisms tend to
form localized anaerobic environments in tissues. The insertion of the present
invention into such environments would serve to oxygenate the surrounding
areas and thereby cause the death of the pathogens. Therefore, such a device
has utility in the treatment of infectious gangrene.

Additionally, the oxygen supplied can be used to activate active agents
that are not very active without oxygen and thus, these agents can be used in
anaerobic environments. One or more matrices can be used to provide both
the oxygen and the agent activated by the oxygen to allow for treatments of
tissues that are not normally treated in this manner. One use for a tissue
contact material for the delivery of oxygen to compromised tissues is in
adjunctive therapies that might be enhanced in activity by an elevation of the

local oxygen tension. As an example, certain therapeutic agents are relatively

- inactive under reducing conditions but become significantly more active when
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conditions become more oxygenated. The present invention therefore could
be used to deliver a bolus. of oxygen to the local environment such as the gut,
vagina, or buccal cavity to enhance the activity of a therapeutic agent.

Other uses for provision of oxygen are contemplated by the present
invention. Descriptions of uses provided herein are not to be limiting, but are
illustrative of the many applications of the present invention. Other uses for
the present invention include providing oxygen at a dental site, or around a
surgical site or an infarct site. Transportation of living organisms or biological
specimens includes the need to supply oxygen and the present invention is
used in such a manner. For example, fish in an enclosed environment are
maintained by a matrix of the present invention with oxygen incorporated
therein. Other transport needs, such as for transplant organs or for chemicals
that can be safely transported in the presence of an oxygen-rich environment,
in the presence of other gases that can be provided by the presence of a matrix,
1s contemplated by the present invention.

All patents and patent applications disclosed herein are hereby
mcorporated by reference in their entirety. All references listed or cited herein
are incorporated by reference in their entirety. U.S. Patent No. 5,928,174
issued on July 27, 1999, along with U.S. Patent Application Serial No.
09/191,223 filed on November 13, 1998, and U.S. Provisional Patent
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Application Serial No. 60/157,000 filed on October 1, 1999 are incorporated
herein.

The foregoing description includes the best presently contemplated
mode of carrying out the invention. This description is made for the purpose
of illustrating the general principles of the inventions and should not be taken
in a limiting sense. This invention is further illustrated by the following
examples, which are not to be construed in any way as imposing limitations
upon the scope thereof. On the contrary, it is to be clearly understood that
resort may be had to various other embodiments, modifications, and
equivalents thereof, which, after reading the description herein, may suggest
themselves to those skilled in the art without departing from the spirit of the

present invention.
EXAMPLES

- EXAMPLE 1
Preparation of Oxygen-Containing Closed Cell Foam Device

The following - experiment was conducted to make an oxygen
containing closed cell. foam device out of polyacrylamide matrix. More
specifically the experiment involved use of hydrogen peroxide catalyzed by
iodide in polyacrylamide matrix to form oxygen foam.

ACRYDERM® matrix material is a unique matrix that is water
absorbent, elastic, and oxygen permeable (see U.S. Patent No. 5,928,174). In
order to elevate oxygen levels in the matrix for use as an oxygen donator,
some treatment must be done post-polymerization, as oxygen quenches the
polymerization of polyacrylamide. As demonstrated below, this was
accomplished by allowing hydrogen peroxide to be absorbed into the matrix,
where it contacted a decomposition catalyst and formed oxygen cavities.

Experimental Design:

1) A batch of ACRYDERM® matrix material was made incorporating
1% sodium iodide pre-polymerization. To 42.5 g H,O add 2.47 g acrylamide,
0.03 g bis acrylamide, 2.5g glycerol and 0.275 g guar gum suspended in 0.275
g isopropyl alcohol. Mix the suspension for 3 hours to completely hydrate the
guar gum and dissolve the other ingredients. Sequentially add to the mixture
0.026133 ml TEMED, 0.368 g ammonium persulfate and sodium iodide to
make 1% w/w. After 5 minutes of mixing the mixture is poured into sheet
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molds and allowed to gel. The gelled sheets are then transferred into a drying
oven at 45-50°C to dehydrate to 10% to 20% of the original weight. The
sheets are then re-hydrated with a solution of hydrogen peroxide, which causes
the formation of the gas which is trapped in the matrix.

2) After polymerization and drying of the matrix, an excess of 3%
hydrogen peroxide was added to one piece (Matrix A), and a few drops of
hydrogen peroxide was added to another (Matrix B).

3) Matrices were observed for foam formation.

Results

Hydrogen peroxide was quickly absorbed by the matrices and began
foaming.

Matrix A: violent bubbling = large bubbles in matrix, white closed
cell foam formed as an end product

Matrix B: uniform small closed cells formed in the matrix.

Matrix B had better uniformity in bubble formation than Matrix A.
However there was a Nal residue and yellow (yellow very slowly fades)
coloration presumably due to the catalyst used.

Hydrogen peroxide was decomposed by “iodide to water and oxygen,

and iodine gas was released.

Conclusion

Bubbles, highly enriched for oxygen, can be formed in the elastic
polyacrylamide matrix by formulating the matrix with a hydrogen peroxide
decomposition catalyst and then allowing the polymerized matrix to absorb
hydrogen peroxide. The resulting reaction traps oxygen in the matrix. It is
desired to have no residuals of this process left in the device, so an iodide to
iodine gas decomposition is ideal due to the exodus of iodine gas from the
device. Properties of the oxygenated device can be altered according the
amount of peroxide applied.

EXAMPLE 2
Comparison of Matrices
Formulated with Alternative Peroxide Catalysts
The following experiment was conducted to make closed cell foam
devices using hydrogen peroxide and alternative catalysts to sodium jodide.
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It has been demonstrated that a closed cell foam incorporating oxygen
bubbles can be made using iodide as a hydrogen peroxide decomposition
catalyst. However, the catalytic reaction results in iodine gas formation,
which does not dissipate quickly and leaves an odor. Also, residual sodium
iodide in the device is not desired. Therefore, a decomposition catalyst that
left either harmless residuals or no residuals was desirable.

Experimental Design

' 1) 3 control ACRYDERM® matrices were used.

10

15

2) Each was treated as follows: Soak 1 in a solution of cupric chloride to
bring the final concentration to 2%. Soak 1 in a solution of ferric sulfate to
bring the final concentration to 2%. Soak 1 in a sodium carbonate solution.

3) Soak each matrix in excess 3% hydrogen peroxide.

4) Observe matrices for foam formation, water solubility, moisture
uptake, and volume increase. ‘

. 5) Test matrices 11 days later for residual hydrogen peroxide using

20

25

30

35

peroxidase assay.

Results

2% cupric chloride treatment = violent bubbling, destroyed matrix and matrix

became water soluble.

2% ferric chloride treatment = bubbling, hard crusty dark brown, matrix

became water soluble.

Sodium carbonate = good, quick foam formation
X volume change= about 42 times larger than start size.
Moisture uptake = 8.923 times original weight when placed overnight
in excess water.
Water solubility = not water soluble

Peroxide residue test = negative

Conclusion

If the decomposition of hydrogen peroxide was too sirong,
polyacrylamide was degraded. This can be avoided by lowering the amount of
hydrogen peroxide used or using an alternative decomposition catalyst, such
as sodium carbonate. Sodium carbonate as a catalyst formed a suitable foam,
and decomposed into carbon dioxide gas, which is an acceptable residual.
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EXAMPLE 3
Rate of Release of Oxygen from Matrices into Water Substrate
The following experiment was conducted in order to test the rate of
release of oxygen from foamed devices into water using a membrane dissolved
oxygen electrode and meter.

- As discussed above, topical application of oxygen to compromised
tissue benefits healing. Theoretically, oxygen in the foamed matrix dissolves
in the membrane moisture or exudate and enters the compromised tissue as
dissolved oxygen. An in vitro simulation of this type of environment may be
manufactured using water sealed in a bottle to prevent the escape or ingress of

gases.

Experimental Design

The following steps were followed:

1) Place 0.7mL 10% hydrogen peroxide on 0.6 g of a previously made
matrix that incorporates 1% sodium carbonate.

2) 24 hrs later, place some of the foamed matrix in 110mL distilled water
in a sealed glass bottle excluding any air bubbles.

3) A dissolved oxygen probe was inserted in the bottle with a stir bar and
sealed excluding air.

4) Under stirring, dissolved oxygen in ppm was recorded over time.
After the readings peak, open the lid on the bottle and monitor until oxygen
levels regain equilibrium.

5) As a control, repeat the same procedure, using 1% sodium carbonate
device non-foamed, or 350ul 10% hydrogen peroxide solution in place of the
foamed device.

Results
Oxygen Matrix

min |0 4 5 22 25 32 24 hr | 4day

open | open

DO |84 9.5 10 13.5 14 15+ 15+ equil
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Hydrogen peroxide control
min |0 20 40 60 175
DO 8.6 8.5 8.3 8.3 8.2

1% carbonate device control
min 0 20 40 60 160
DO 8.6 8.5 8.3 8.3 8.2

Conclusion
Oxygen rapidly was transferred from the foamed oxygen device to the
substrate. The controls demonstrated that residual catalyst or hydrogen
peroxide was not responsible for this increase. The foamed oxygen-delivery
10 matrix delivered oxygen to the local environment, and maintained high
oxygen levels in the substrate for at least a 24 hour period.

EXAMPLE 4
, Determination of Total Oxygen Content
15 in Oxygen-Delivery Devices
The following experiment was conducted in order to develop a method
of determining total oxygen present in the foamed oxygen devices.
In order to be an effective oxygen donator to tissue, the oxygen device
must demonstrate that it can maintain release of oxygen over extended time
20 periods. One indicator of the sustained release potential of the device was a
calculation of the overall amount of oxygen present in the device. The
dissolved oxygen probe used for testing has a maximum dissolved oxygen
reading of 15 ppm. Since the delivery of oxygen from the device had greatly
exceeded this level in previous experiments, a larger quantity of substrate
25 (distilled water) should be used to determine total oxygen.

Experimental Design

The following steps were performed.

1) Obtain 5 0.3 g pieces of oxygen-delivery mairix made previously by
30 placing 0.5 mL 10% hydrogen peroxide on 0.6 g pieces of 1% sodium

carbonate ACRYDERM® matrix.

2) Place each device in sealed glass containers of various sizes with

distilled water, excluding air bubbles (1200 mL, 635 mL, 120 mL, 60 mL).
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3) At t=24 hrs, record the dissolved oxygen in each bottle with the
membrane electrode dissolved oxygen meter, under stirring.

4) Calculate the total oxygen present in the device in ppm.

Results

mL DO ppm
1200 104 6268.6
635 IT.8 5926.66
120 15.5 2600

60 I8 1800

3 44 44 theoretical maximum
solubility of oxygen
in water

C 9 0

The results of this experiment are graphically provided in Figure 1.

Conclusion

As the dissolved oxygen content approached 44 ppm (maximum
solubility), the test chamber became more resistant to equilibration. As a
greater volume of distilled water was used for the oxygen extraction, the
calculated total oxygen concentration reached a plateau at levels considered to
be accurate. Therefore, total ppm oxygen in the device was slightly greater
than 6268.6 ppm for the formulation used.

EXAMPLE 5
Oxygen Concentration Matrix
Accomplished by Varying Peroxide Concentrations

The following experiment was conducted in order to demonstrate that
oxygen devices may be made with different oxygen concentrations.

Varying the concentration of catalyst and hydrogen peroxide causes
variation in a range of physical characteristics. In order to optimize the
device’s properties for use in different environments, it is advantageous to be
able to adjust the oxygen concentration of the oxygen-delivery device.

Experimental Design

The following steps were followed:

1) Prepare 3 1% sodium carbonate ACRY DERM® matrix pieces.

2) To a 0.6 g piece of each, add 0.5 mL 3% hydrogen peroxide, 10%
hydrogen peroxide, or 30% hydrogen peroxide to make three foamed matrices.
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3) 1 day after manufacture, place 0.28 g pieces of foamed matrix in a
sealed glass bottle with 600 mL distilled water, excluding air bubbles.

4) Also add 3.75 cm X 2 cm pieces of matrix to 250 mL distilled water.

5) At t=24 hrs, take dissolved oxygen readings under stirring.

5
Results
Oxygen/g
ID g mL 24 hr mg ppm
device water | ppm total total
3% 28 600 10.7 1.02 3642
10% 28 600 13.4 2.64 9428
30% 28 600 16 4.2+ 15000+
c 28 600 9.0 0 0
10 * Oxygen/cm?
ID area cm’ mL 24 br mg mg/ cm?
| water ppm total
3% 7.5 250 11.3 575 .076
10% 7.5 250 12.4 .85 113
30% 7.5 250 13.1 1.025 1366
c NA 250 9.0 0 0
15 Conclusion
By changing the concentration of hydrogen peroxide added to the
device, a range of oxygen concentrations was achieved. A greater difference
in concentrations was seen in the per gram experiment, due to the fact that an
Increase in oxygen is tied to an increase in volume of the device. However, on
20 a per square area basis, a difference in oxygen concentrations was also

attained.




WO 01/49258 PCT/US00/35560

10

15

20

25

30

35

36

EXAMPLE 6
Rate of Release of Oxygen into Various Substrates (ABS/saline/water)

The following experiment was conducted in order to measure the rate
of release of oxygen into various substrates.

Previous experiments demonstrated that oxygen is rapidly donated to
water from the oxygen-delivery device.  However, generally other
environment are more complex than distilled water, and are more difficult to
replicate in vitro. Two substrates tested were saline and mammalian blood
serum.

Experimental Design

The following steps were followed:

1) Obtain three foamed oxygen matrices made as follows: 0.5 mL 10%
hydrogen peroxide on 0.6 g 1% sodium carbonate device. Area=6 X 3 cm.

2) Prepare 3 250 mL glass bottles with distilled water, saline = .85%
NaCl, or adult bovine serum.

3) Place 0.3 g oxygen device in bottle and monitor dissolved oxygen.
Bottle sealed with probe and stir bar, no air bubbles.

Results
The results of this experiment are graphically provided in Figure 2 showing
dissolved oxygen in ppm over time.

Conclusion

Although differences existed in the rate of release of oxygen into
various substrates, the rate of donation into more complex media was still
rapid. Equilibrium dissolved oxygen concentrations were lower in the
presence of salinity and other ions, explaining the lower initial dissolved

oxygen levels and the slower rise in dissolved oxygen.

EXAMPLE 7
Extending the Life of a Goldfish
in a Sealed Container with Oxyge-Delivery Device.
The following experiment was conducted in order to determine
whether oxygenated matrix can donate biologically relevant amounts of
oxygen.
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Preliminary work has shown that closed cell foam formation resulted
from a combination of hydrogen peroxide and a peroxide degradation catalyst.
The closed cell foam should contain nearly pure oxygen gas. Experiments
using an oxygen detecting probe strongly supported that conclusion. Further
testing was necessary to confirm that the foamed matrix was capable of
donating biologically relevant oxygen. One approach was to show that the
matrix can sustain the life of a fish in water held in a sealed bottle.

Experimental Design

The following steps were followed:

1) Place three weighed goldfish in 250 mL bottles distilled water.

2) At t=0, place 1 g oxygen-delivery device in one bottle and seal all
bottles excluding air bubbles.

3) When one of the control goldfish dies (no oxygen-delivery matrix),
open both control bottles, place 1 g oxygen device in the second control
goldfish’s bottle,(fish was dying), reseal with no bubble.

4) Observe all goldfish for time of death and read dissolved oxygen.

Results
Place goldfish in water 8:30 am, 11/9/99.

Gold-fish | mL wtg | gox death death | final
water device hrs ppm

250 7.48 1 3:30am 11-10 | 19:00 2.5

250 6.75 0 3:05pm 11-9 | 6:35 25

3 250 8.63 0 4:30pm 11-9 | 8:00 2.5

Add 1 g oxygen device to #2 at 3:05pm 11-9, dead 10:00am 11-10 > death
hrs = 25:30

Results

The results of this experiment are graphically provided in Figure 3
showing survival time of goldfish in a sealed container, with or without
oxygen device (1=7hrs)
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Conclusion

Dissolved oxygen delivered by the foamed oxygen matrix was
sufficient to sustain the life of a goldfish for an extended period of time. The
goldfish with oxygen-delivery matrix survived approximately 3.5 times longer
than a goldfish with no oxygen device. This indicated that the oxygen-
delivery matrix can donate oxygen to living tissue in therapeutic doses over a

desired time period.

EXAMPLE 8
Moisture Uptake of Different Formulations
of Oxygen-Delivery Device

The following experiment was conducted in order to determine
moisture uptake properties of oxygen-delivery devices.

It has been shown that the foamed oxygen device can be manufactured
to contain varying levels of oxygen. A rise in oxygen concentration coincided
with volume growth and a drop in density of the device. It was desired to
determine that increased oxygen content does not affect moisture uptake

qualities in an adverse fashion.

Experimental Design

The following steps were followed:

1) Prepare 3 1% sodium carbonate ACRYDERM® matrix material
devices as described in Example 1, except that instead of sodium iodide,
0.0888 g sodium carbonate is added, to make sodium carbonate at 1% w/w.
The polymer mixture is allowed to gel, then dehydrated to approximately 20%
of its original weight. The sample is then rehydrated with the hydrogen
peroxide solution to allow formation of the oxygen gas and bubbles in the
matrix.

2) To a 0.6 g piece of each, add 0.5 mL 3% hydrogen peroxide, 10%
hydrogen peroxide, or 30% hydrogen peroxide to make three foamed devices.

3) Record weight and area of oxygen devices.

4) Immerse 3.6 X 4 cm samples of each device in 100 mL saline, incubate
at 35°C for 30 min.

5) Remove excess moisture by paper towel, weigh and record, return

device to saline incubation.
6) Repeat weighing procedure at 1.5, 2, 4, 6, 8,and 24 hrs.
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Results

Moisture uptake over time in grams

ID Ohr Shr 1.5hr 2hr 4hr 6hr 8hr 24hr |
3% 1.5914 | 3.163 4.07 442 5.17 5.58 5.78 6.17
10% 1.2726 | 1.572 1.94 2.06 2.27 2.37 2.44 2.50
30% | .1294 1 .9076 1.00 1.03 1.09 1.16 1.17 1.24

Moisture uptake = final weight/start weight

Conclusion

Rate of moisture uptake and final moisture uptake per gram device
were equivalent for all oxygen formulations. Devices with higher oxygen
content weigh less per area, and so absorb fewer total grams water per area.

EXAMPLE 9
Stability of Oxygen Concentration
In Oxygen-Delivery Device T hfough E-beam Irradiation

The following experiment was conducted in order to test the stability
of foamed oxygen devices over time and through e-beam irradiation.

Medical devices must exhibit some level of sterility. A method of
sterilization ideal for polyacrylamide is electron beam irradiation. E-beam
irradiation potentially could reduce substrates through electron bombardment,
and products must be tested for resistance to possible e-beam damage. In
addition, the long term oxygen concentration stability of the oxygen-delivery
device in packaging must be established. Foil packaging was chosen due to its

properties as an oxygen barrier.

Experimental Design

The following steps were followed:

1) Prepare ten 10% foamed oxygen matrices (1% carbonate) as described
in Example 8, but the hydrogen peroxide concentration is a 10% solution
rather than the typical 3% solution.

2) Package in foil. 11-17-99.

3) Send five to e-beam 11-24-99.

4) Place 0.3 g of e-beamed and control oxygen devices in 600 mL
distilled water each in sealed glass bottles, excluding air bubble. 11-29-99

5) At t=24hrs, read dissolved oxygen.
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Results
Sterilization 10t#993043 25-33.1kGy dose = PO#624

11-29 E-beam = 11.5 ppm
11-29 control oxygen = 11.5 ppm
11-29 control ACRYDERM® matrix material > 9.0 ppm

Conclusion

E-beam irradiation had no discernable effect on the condition or oxygen
concentration of the foamed oxygen-delivery devices. Moreover, devices
packaged in foil showed no significant loss of oxygen over a 12 day time
period.

EXAMPLE 10
New Formulations of Oxyge;z—Delivew Devices

The following experiment was conducted in order to determine
alternative oxygen-delivery device formulations to improve general
characteristics.

In order to improve several characteristics of the original foamed
oxygen matrix, such as flexibility, stability, moisture uptake, or elasticity,
certain variables were manipulated. These included catalyst variations and
changes in the concentration of key components. A wide range of devices
may be manufactured in this manner.

Experimental Design
The following steps were followed: _
1) Prepare § ACRYDERM® matrix material devices, containing:
A. 1% sodium carbonate, undried gel
B. .5% sodium carbonate, .5% sodium bicarbonate
C. 1% sodium carbonate, 40% less glycerol than the standard
Acryderm matrix
D. 1% sodium carbonate, 30% less glycerol
E. 1% sodium carbonate, 50% less glycerol, 50% less guar gum
F. 1% sodium carbonate, no guar gum
G. 1% sodium carbonate, 25% more guar gum
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H. 1% sodium carbonate, .01% sodium iodide.
The standard matrix composition is described in Example 1 and the carbonate
amounts are given in Example 8. Changes described herein are changes from
the standard matrix composition.
2) Add 0.25 mL of 20% hydrogen peroxide to 0.6 g each matrix
3) Matrices were observed for foam formation.

Results

Results
very big bubbles, less flexible
normal
slightly too stiff, not flexible
shghtly stiff, good

stiff; but stilll good, more clear

more flexible, clear, big bubbles

non uniform bubbles, lots of smaller bubbles

FQWEUCW?E

Very quick foam formation, non uniform bubbles

Conclusion

Changing key components of the ACRYDERM® matrix material
batch resulted in different final oxygen levels. Some components, such as
guar gum, may not be a necessary component. In fact, a good oxygen-delivery
matrix may comprise a flexible, solvent-absorbent polymer, peroxide, and a
decomposition catalyst.

Example 11.
Oxygen entrapment in non-polyacrylate substrates.

Polyacrylate is a non-resorbable substrate which limits its use to
topical or non-implantable applications wherein the matrix can be removed.
Numerous other polymerized materials may form closed cell foams to encase
oxygen gas but have the added advantage of being biodegradable, i.e.,
resorbable. The purpose of this experiment was show the feasibility of

entrapment of oxygen gas into other substrates.
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Experimental design:
Gelatin, agar and agarose granuals were dissolved in concentrations ranging
from 1 to 5 % w/w in water by heating. Various samples of the solutions then

received sodium carbonate along with guar gum and glycerol before being

5 poured into molds to gel as sheets. After the gels had set they were
dehydrated and then re-hydrated with a hydrogen peroxide solution.
Results
All of the samples formed closed cell foam like materials as long as the
10 catalyst was present in the polymer. The results are summarized in the table.
Polymer Concentration | [Guar Gum] | [Glycerol] Properties
Substrate
Gelatin 3% Yes Yes Pliable closed cell foam
Gelatin 3% No Yes "| Pliable closed cell foam
Gelatin 3% Yes No Brittle closed cell foam
Gelatin 1% Yes Yés Very fragile closed cell foam
Agar 5% Yes Yes Pliable closed cell foam |
Agar 5% No Yes Pliable closed cell foam
Agar 5% Yes No Brittle closed cell foam
Agar 1% Yes Yes Very fragile closed cell foam
Agarose 5% Yes Yes Pliable closed cell foam
Conclusion
15 These experiments showed that a catalyst was incorporated into a
biodebradeable matrix to support the degradation of hydrogen peroxide and
that polymers other than polyacrylamide polymers could be used. In such a
construct, the addition of hydrogen peroxide to the polymerized materials
caused the formation of oxygen gas which became entrapped within the
20 polymer scaffold to form a closed cell foam.

25

It should be understood that the foregoing relates only to preferred
embodiments of the present invention and that numerous modifications or
alterations may be made therein without departing from the spirit and the
scope of the invention as set forth in the appended claims.
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CLAIMS
What is claimed is:

1. An oxygen-delivery matrix, comprising a biocompatible matrix
comprising a polymer network and a non-gellable polysaccharide, and oxygen.

2. The matrix of Claim 1, further comprising at least one active

agent.

3. The matrix of Claim 1, wherein the biocompatible matrix

comprises polyacrylamide.

4, The matrix of Claim 1, wherein the non-gellable
polysaccharide is guar gum.

5. The matrix of Claim 1, wherein the oxygen is provided by the
formation of a closed cell foam by the in situ production of oxygen.

6. The matrix of Claim 5, wherein the in situ production of
oxygen results from the decomposition of a peroxide such as hydrogen
peroxide.

7. The matrix of Claim 5, wherein the decomposition of the

peroxide is caused by a catalyst.

8. The matrix of Claim 7, wherein the catalyst is a carbonate salt.

9. The matrix of Claim 7, wherein the catalyst is a salt of iodide,
manganese dioxide, cupric chloride.

10.  The matrix of Claim 7, wherein the catalyst is an enzyme such

as catalase.

11.  The matrix of Claim 1, further comprising a catalyst.
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12. The matrix of Claim 1, wherein the biocompatible polymer is a

natural polymer.
13. A method for treating compromised tissue comprising,
5 placing a biocompatible matrix on the compromised tissue.

14.  The matrix of Claim 13, further comprising at least one active

agent.

10 15. The matrix of Claim 13, wherein the biocompatible matrix

comprises polyacrylamide.

16. The matrix of Claim 13, wherein the non-gellable
polysaccharide is guar gum.
15
17.  The matrix of Claim 13, wherein the oxygen is provided by the
formation of a closed cell foam by the in situ production of oxygen.

18.  The matrix of Claim 17, wherein the in situ production of
20 oxygen results from the decomposition of a peroxide such as hydrogen

peroxide.

19.  The matrix of Claim 17, wherein the decomposition of the
peroxide is caused by a catalyst.
25
20. The matrix of Claim 13, further comprising a catalyst.
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