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MICROBIAL CELLULOSE WOUND DRESSING FOR TREATING
CHRONIC WOUNDS

Field of the Invention

[0002] The invention relates to a wound dressing comprising a microbial-
derived cellulose for treatment of specific types of ¢hronic wounds, including pressure

sores, venous and diabetic ulcers.

Background of the Invention

[0003] There are a wide variety of materials used to fabricate wound
dressings, which are used to treat a host of surgical and non-surgical lesions, such as
burns and abrasions. The dressings range from simple gauze-type dressings to animal
derived protein-type dressings such as collagen dressings, the composition of the
particular dressing depends on the . type of wound to be treated. Each of these
dressings has advantages depending upon the type of application. For example, gauze-
type dressings are sufficient and highly economical for simple abrasions and surgical
incisions.

[0004] On the other hanﬂ, | in cases of chronic wounds, polymer-based
dressings are found to be more effective. By definition, chronic wounds are wounds
that fail to proceed through the normal rebair process and are typically manifestatidns
of an underlying problem such as diabetes, venous disease or impaired circulation
(Lazarus, G.S. et al., Definitions and Guidelines for Assessment of Wounds and
Evaluation of Healing, Arch. Dermatology; vol. 130, pages 489-493, 1994), Thus,
chronic wounds can be broadly calegorized as pressure sores (decubitus), venous and
diabetic ulcers depending on the underlying problem. Depending on the cause,
various types of wound management treatments and materials are used to address the
underlying problem and promote wound healing. Advanced polymeric materials with

the capability of maintaining moist wound environment have been shown to be more
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effective than gauze 1n treating these difficult to heal chronic wounds.

[0005] Within the context of polymer-based dressings, various types of
polymeric materials have been used in the treatment of skin disorders. Generally, they
can be broken down into two major classes, namely synthetic and naturally derived

polymeric materials.

[0006] Synthetic materials include polyurethanes, polyvinylpyrolidone (PVP),
‘polyethyleneoxide (PEO), polyvinyl alcohol (PVA), and polyacrylonitrile (PAN).
These materials may be used in combination with other synthetic or natural polymers
to fabricate wound dressings with specific properties such as moisture retention and
high fluid absorption. Both of these properties, generally not found in gauze-type
dressings, promote healing by protecting chronic wounds from infection and
maintaining moisture levels in the wound. Huang .discloses in U.S. Patent 6,238,691 a
three dimensional crosslinked polyurethane hydrogel wound dressing, which is
absorptive, contours to a wound site and maintains the wound in a moist state to

promote healing.

[0007] Meyer-Ingold et. al. disclose in U.S. Patent 6,156,334, wound
coverings for the removal of interfering factors, such as antigens, free radicals, ions,
proteins, peptides, lipids and free fatty acids, in the wound fluid of chronic wounds .
These wound coverings are chemically modified with “trapper molecules”, such as
antibodies, chelators, enzyme inhibitors; enzymes, enzyme mimics, peptides and other

proteins, are polyurethane or plant-derived cellulose.

[0008] Similarly, naturally derived polymers or biopolymers, such as collagen
and alginates, have also been used as wound dressings which exploit the desirable
charactenistics of the polymers, such as high absorption capacity of alginate or the
biocompatible nature of collagen. Each of these dressmgs has associated particular
advantages depending on the type of wound and amount of exudate it generates.
However, these dressings also have disadvantages, which include higher cost, wound

adherence, limited exudate absorption and residue deposition on a wound site.

[0009] Hydrocolloid dressings absorb wound exudate and provide a moist
wound-healing environment, but also have the undesirable characteristic of residue
deposition on a wound site. Additionally, unlike the microbial-derived cellulose
dressing described herein, hydrocolloid dressings lack a moisture-donating feature

necessary for dry chronic wounds with limited exudate. Also, hydrocolloids are
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known to adhere to the wound bed and can cause reinjury upon removal.

Hydrocolloids have a tendency to break down in the wound bed possibly interfering

with the wound healing process.

[0010] As an alternate matenal, microbiél-derived cellulose possesses inherent
characteristics which allow for effective promotion of wound healing without some of
the inherent disadvantages associated with current wound dressings. In this regard,
microbial-derived cellulose possesses the following physical properties that
distinguish it from plant-derived cellulose such as extreme hydrophilicity and unique- -
multi-layered three dimensional laminar structures which provide its ‘moisture

~handling ability. Microbial cellulose is highly hydrophilic with a water-holding
- capacity ranging from 60 to 700 times its own weight as is described in U.S Patent
4,942 128. Microbial cellulose also demonstrates excellent wet strength and does not
breakdown under compression. Lastly, because of its laminar multi-layered structure,
microbial cellulose can be processed 10 produce a film with novel fluid handling
ability. By adjusting the cellulose to liquid ratio, processed microbial cellulose is
capable of both donating fluid or absorbing liquid depending on the surface the film is

made to come 1n contact with.

[00111 Because of 1ts superior characteristics, use of microbial cellulose in the
medical industry has been previously investigated. For example, U.S. Patent Nos.
4,588,400, 4,655,758 énd 4,788,146 to Ring. et al. disclose the possible use of
inicrobial-derived cellulose in liquid-loaded medical pads. The patents to Ring et al
focus on using statically produced microbial cellulose pads loaded with various
liquids and medicaments. Various types of liquids that can be contained in the
microbial cellulose pad were detailed as well as the production and cleaning method
to produce the starting cellulose material. Also described in these patents are
examples which detailed methods of fabrication of various pads wherein the method
mvolves a series of pressing and soaking steps to adjust the physical properties,
mainly with respect to the liquid to cellulose ratio to yield a desired product. As an
example, these patents illustrate a highly hydrated pad (80 to 1 fluid to cellulose ratio)
which 1s able to provide a cooling capability which is ideal for burn applications. In
particular, the ‘146 patent describes the use of such liquid loaded pads as wet
dressings for use as an ulcer dressing capable of providing moisture to the wound over
an extended period of time. The same ‘146 patent also mentions that the wet dressings

described in the examples also have the additional ability to absorb large quantities of
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fluid from the wound site when the dressing 1s applied in a less than saturated
condition. However, the: wound dressings of Ring et al. fail to mention a singular
dreséing having both the ability to be a source of moisture for chronic wounds as well
as the ability to absorb fluid. The Ring et al. patents also fail to describe the effective
liquud to cellulose ratio to fabricate a dressing having the dual fluid handing

capability.

[0012] U.S. Patent No. 4,912,049 to Farah et al. discloses the use o.f statically
produced dehydrated microbial cellulose as an artificial skin graft, a separating ‘
membrane or artificial leather. The ‘049 patent recites the use of a cellulose film
formed by Acetobacter xylinum that 1s dehydrated while it is stretched. Although the
‘049 patent described potential use of their invention as an artificial skin for treatment

‘of wounds or injury, there is no suggestion that the material could be used for chronic
wounds. Furthermore, the dned film of Farah has no moisture donation capability

and minimal absorption capacity.

[0013] Finally, U.S. Patent No. 5,846,213 by Wan et al. discloses methods of
preparing microbial cellulose films using raw material produced in a stirred-tank
bioreactor, instead of the static method. The 213 patent further describes the use of
such cellulose matenal dissolved 1n solvents to fabricate membranes that can be use
as wound dressings. Because of its dry nature of the resulting film, the cast material
lacks any moisture donating ability and limited fluid absorption capacity. Also, the
resulting cellulose membrane does not possess the three dimensional multi-layered

structure found only 1n statically grown microbial cellulose as previously described.

[0014] Although the above patents recognize the potential use of microbial-
cellulose in medical applications, the prior art has failed to provide a method of
developing a wound dressing which demonstrates effective wound healing, moisture
management capability and adequate biocompatibility. Accordingly, an effective
wound dressing comprsing microbial cellulose for treatment of chronic wounds,
which 1s highly biocompatible, is desirable. Furthermore, a wound dressing with high
moisture donation and absorption capabilities is also particularly desirable for 6ptimal
wound healing. This dual moisture handling ability of the dressing of the present

“invention is capable of maintaining a moist wound environment necessary for healing -
chronic wounds. Also, the high moisture donation ability is particularly useful for

treating dry necrotic tissue and promoting autolytic debridement which is desirable
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for any wound closure to be possible. Finally, the ability of the wound dressing of the
present invention in assisting autologous healing by promoting granulation and
allowing epithelial cells to migrate exhibits the distinct ability of the wound dressing

in effecting wound closure.

[0015] Thus, the present inventors have developed a wound dressing which
possesses this novel fluid handling capability of absorption and donation. This fluid
handling capability 1s an end result of the processing microbial cellulose to the
contain the proper cellulose content for the intended purpose. The resulting wound |
dressing can donate fluid 1f the wound surface is dry and found to be particularly
useful for dry chronic wounds covered with dry necrotic tissue or eschar. The same
dressing 1s also capable of absorbing fluid away from the exuding wound bed.
Additionally, the microbial cellulose wound dressing described in this invention will
not degrade and leave a residue in the wound site, ﬁnlike hydrocolloid dressings.
Removal of the microbial cellulose dressing from the wound does not damage tissue

because 1t does not adhere to the wound surface.

[0016] The present invention also envisages microbial cellulose sheets which
can be directly synthesizéd in virtually any shape or size. Fermentation processes
yield an extremely thin and pliable form, which is remarkably strong, yet, gas and
liquid permeable. The shape will remain intact even when subjected to extreme

environmental conditions such as autoclaving or gamma sterilization.

Summary of the Invention

' [0017] It 1s an object of the present invention to provide methods for treating
chronic wounds with a microbial-derived cellulose dressings 1.5 to 9% cellulose by
welght. In a preferred embodiment, the microbial-derived cellulose is b'iocompatible

and nonpyrogenic.

[0018] It 1s another object of the present invention to proﬁde an effective
wound dressing comprising microbial cellulose for treatment of chronic wounds that

1s capable of donating and absorbing moisture for optimal wound healing.

[0019] Other objects, features and adifantages of the present invention will
become apparent from the following-detailed description. It should be understood,
however, that the detailed description and the specific examples, while Indicating
preferred embodiments of the invention, are given by way of illustration only, since

various changes and modifications within the spirit and scope of the invention will
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become épparent to those skilled in the art from this detailed description.

Brief Description of the Figures

[0020] Figure 1. The absorption and donation capabilities of microbial
cellulose wound dressings are shown versus the percent cellulose contained in the
materials. All matenals were of identical area and similar thickness. The region of

intersection of the two curves shows the ideal cellulose content to maximize both

properties.

[0021] Figure 2: The amount of fluid donated to a dry surface from XCell
microbial cellulose wound dressing and from hydrogel wound dressings is shown.
Donation quantities are expressed as a percent of the original sample weight. The

donation of the XCell wound dressing 1s markedly superior to that of the hydrogels.

[0022] Figure 3: The absorption and donation capabilities of XCell microbial
cellulose wound dressing are compared to that of Clearsite’” (NDM)hydrogel wound
dressing. The absorpti\fe capacity is nearly identical for the two, but the XCell wound

dressing can donate 6 times more than the hydrogel.

Detailed Description of the Preferred Embodiment
[0023] The invention provides methods for treating full or partial thickness

chronic wounds with microbial-deri\(cd cellulose. The invention also provides
biocompatible, nonpyrogeni'c microbial-derived wound dressings with a proper
cellulose to liquid ratio as well as, liquid donation and absorption capability for:
optimal wound healing. Unlike hydrocolloid, hydrogel, alginate, collagen, or gauze
dressings the microbial-derived cellulose dreésing described herein, can provide an
optimal moist healing environment by donating fluid to dry surface or absorbing

excess fluid from exudating wounds.

[0024] The content of microbial-derived cellulose present in the dressing can
fluctuate depending upon the method of preparation and the eventual end use of the
wound dressing. In the present invention, the amount of microbial-derived cellulose
present in the wound dressing 1s about 1.5% to about 9%, preferably it is about 3% to

about 7%, more preferably about 4% to about 6% by weight.

[0025] The wound dressing of the present invention can be used for moisture
donation. Typically, the wound dressing can donate about 50% to about 90% of its
liquid weight to a dry substrate. This means that a wound which exhibits dry necrotic

tissue can be effectively treated by application of a fluid containing wound dressing.
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M:ost chrc;nic wounds when they mutially surface usually form a dry surface composed
of dead (necrotic) tissue due to an underlying problem such as venous insufficiency.
The lack of fresh blood tlow to the particular area (usually around the ankle) causes
the dermis and epidermis to die underneath the skin and eventually éurfacing as an
ulcer. Liquid contained 1n the wound dressing pad can be applied to the dry, necrotic
wbund to promote autolytic debridement which is the first requirement of healing
chronic wounds. Liquid materials whiéh can be loaded into the pad include but are
not limited to water, isotonic saline, glycerin, synthetic polymers such as polyethylene
oxide and aqueous solutions of biological molecules including proteins, platelet
derived growth factor(PDGF) and epidermal growth factor(EGF), and enzymes such

as collagenase.

[0026] The wound dressing of the present invention also can be used for
moisture absorption. Typically, the wound dressing can absorb about 20% to about
200%, preferably about 35 to 140 % of 1its weight. This means that a wound which is
exudating can be effectively treated by application of a wound dressing of the present
invention which will absorb excess fluid from the wound. Typically, chronic wounds
such venous ulcers tend to exude large amount fluids during the healing process. The

“exudation stage usually occurs when the wound begins to fonﬁ granulation tissue to
f1ll up the space the dead dgnnél tissue use to occupy. At this stage the dressing of the
present invention 1s able to absorb the fluid exudate while keeping a moist surface for
epithelial cells to migrate. The epithelial migration is essential for eventually closing
the wound. Thus, the wound dressing of this invention is able to provide optimum

conditions for wound healing due to 1ts dual ability to absorb and donate moisture.

1. Production of Microbial Cellulose Under Static Conditions for Testing
Procedures

[0027])In preparing the microbial cellulose of the invention,
microorganisms such as Acetobacter xylinum are cultured in a bioreactor
containing a liquid nutrient medium at 30 degrees °C at an initial pH of 3-6. The
medium is based on sucrose or other carbohydrates. Preferably, efficient film
production i1s achieved using sucrose as a carbon source, ammonium salts as a
nitrogen source, and corn steep -liquor as nutrient source coupled with a
proprietary trace elements supplement, which varies from the original Schramm &
Hestrin medium (1954) used by those skilled in the art. This proprietary trace
elements supplement is quantified in the following table:
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Trace Element Solution
Composition per Liter

EDTA Tetrasodium Salt 570mg
FeSO,4 ¢ 7H,0 200mg
ZnSO, ¢ 7H,0 ~ 10mg
MnSO, ¢ H,O 26mg
H,BO, 30mg
Co(Cl; ¢ 6H,0 | 20mg
NiCl, e 6H,0 3.2mg
(NH,;)sMo,0, ® 4H,0O 2.4mg

Two ml of this solution is added per liter of media.

[0028] Suitable bioreactors are selected which minimize evaporation and
provide adequate oxygen-limiting conditions. Oxygen-limiting conditions may be
varied depending upon the desired water content and thickness of the cellulose film.
Generally, under oxygen-limited conditions, oxygen is present in an amount of 5%-
21% of the total gas present at the air liquid interface. The bioreactor is composed of
plastic box fitted with an airtight cover or a limited gas-permeable cover. Dimensions
of the bioreactor can vary in configuration (cube or cylinder) depending on the shape
and size of the cellulose film being produced. For example, a six inch diameter
cylinder will produce a six inch diameter dressing, which can be used as is or cut to
-conform to the wound to be treated, prior to application.. By limiting the amount of
oxygen in the fermentation medium, it is hypothesized that the Acetobacter utilizes
the carbon available in the medium to produce more cellulose instead of using it for

reproduction, thereby increasing the total yield of cellulose.

[0029] The fermentation process under static conditions was allowed to
progress over for a period of about 7 - 30 days, during which the bacteria in the
culture medium produced an intact cellulose pellicle containing the microorganisms.
Depending on the desired thickness, which corresponds to a certain cellulose content
per unit area, the fermentation is ‘stopped and the pellicle is removed from the
bioreactor. The excess medium contained in the pellicle is then removed by standard
sepafation techniques such as compression or centrifugation prior to chemical

cleaning and subsequent processing of the pellicle to yield a wound dressing with a
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cellulose to liquid ratio of about 1:10 to about 1:65. The raw cellulose pellicle has an
increased sugar:cellulose yield of about 35%, compared to literature values of 10%.
This increased yield coupled with an inexpensive nitrogen source resulted in a 40-fold
reduction in production-cost of the raw cellulose film as compared to cellulose films
produced according to the original Schramm & Hestrin medium [1954, J. Gen. Micro,
11:123-129]. |

2. Processing and Depyrogenation Procedures

[0030] After the cellulose film has'been produced, the éells have to be
removed from the cellulose pellicle for purification. Fontana et al. (1990, Appl.
Biochem. Biotech, 24: 253-264) have described the cells as being apyrogenic,
however, the unpurified cellulose pellicle has tested positive for pyrogens using the
Limulus Amebocyte Lysate (LAL) test kit. This result necessitated the removal of the
cells by chemical processing discussed here in order to pass the standard pyrogenicity

test and qualify the microbial cellulose wound dressing as nonpyrogenic.

[0031] The cellulose pellicle 1s subjected to a series of chemical wash steps to
convert the raw cellulose film into a medical grade and non-pyrogenic wound
dressing material. Typical processing uses hydroxide solutions at concentrations of 1-
20% By weight. Preferably, sodium hydroxide is used at a concentration of not less
than 3% and most preferably about 3% to about 5% in order to dissolve the cells. In
addition, the present invention provides hydrogen peroxide washing capable of
bleaching and sterilizing the pyrogen-free films. Concentrations of about 0.05% to
about 10% peroxide by weight are useful to effect whitening of the films. Preferably
the amount of peroxide used 1n about 0.1% to about 0.5%. Other bleaching agents

such as hypochlorite , hypobromite, and perborate may also be used.

[0032] Purification processes using various exposure times, concentrations and
temperatures were conducted 6n the raw fermentation product. Processing times of 1-
4 hours have been studied in conjunction with temperature variations of 30-100
degrees centigrade to optimize the process. The resulting films from each of the
different operating conditions were tested for their respective pyrogen levels and
physical characteristics. The process condition that yields a nonpyrogenic product in

-the least amount of time and lowest chemical concentration was then selected for

economic reasons. The time involved in this process can be as much as 4 hours at

about 90°C, preferably the time involved is about 1-2 hours at about 60° to about
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80°C.

[0033] The amount of cellular debris left in the cellulose pad after processing
may be measured by Limulus Amebocyte Lysate (LAL) test as outlined by the U.S.
Food and Drug Administration (FDA) in 21 CFR10.90. The instant cleaning process
outlined above provided a nonpyrogenic cellulose pad (<0.05 EU/ml). The allowable
pyrogen content in Class I medical devices is 0.5 EU/ml (FDA LAL test Guideline).
The steps of the LAL test are defined by the test kit manufacturer and can simply be
followed to yield the pyrogen level in the cellulose film.

3. Phyéical Modification of Microbial Cellulose Dressing

[0034] Desirable characteristics of a wound dressing material include an
ability to provide a moist environment, and yet at the same time, the ability to absorb
excess exudate fluid from, or donate moisture to, a wound. Currently marketed
hydrogel wound dressing products have an approximate composition of 90 - 95%
water and 5 - 10% polymer material. However, these products fail to provide adequate
moisture to the wound and are characterized by inadequate strength. Furthermore,
these dressing tend to adhere to the wound site. This wound adhesion results in
reinjury of the wound upon removal. The dressings of the instant invention however
display superior moistness and absorptivity due to a laminar multi-layered three-
dimensional structure not found in any other wound dreésing. The cellulose dressing
has also displayed the ability to control the level of moisture in the dressing wound
interface by absorbing excess fluid or donating mojsture depending on the conditions
at the wound site. This moisture management capability helps in the promotion of

healing in chronic wounds and 1s a novel characteristic of the cellulose wound

dressing.

[0035] Cellulose pellicies typically have an initial composition of > 90% water
and 0.2 - 1% cellulose or a cellulose to water ratio of approximately 1:100 -1:500.
This material is subjected to series of physical treatments to derive the final wound
dressing. Water content of a saturated microbiall cellulose pad may be reduced to
between 98.5% - 0% giving films with cellulose to water ratio of approximately 1:65
to 1:0, 1.e., completely dry matenalThis may be accomplished using different drying
techniques, including mechanical pressing, centrifugal draining, air drying, vacuum

drying and freeze drying.
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[0036] The resulting dehydrated pads were then tested for their absorption
capability by completely immersing them in water. The results show that the
completely dried matenal had a reduced ability to reabsorb water as compared to the
never-dried material. The completely dehydrated pads absorbed in 24 hours only a

‘maximum of 30 grams water per 100 cm’ pad, while the non-dehydrated pads

absorbed as much as 60 grams/100 cm’

over the same period. In this regard, wound
dressings of the instant mvention contain a cellulose to water ratio of about 1:65 to
1:10and more preferably about 1:24 to about 1:16. These wound dressings display the
ability to provide a moist environment and yet have the dual ability to donate moisture

or absorb exudate fluid for optimal wound healing.

4. Product Packaging and Sterilization

[0037] Packaging material should be impermeable to water to prevent the
moist cellulose wound dressing from drying out, and be able to withstand . the
sterilization process. For example, an aluminum plastic-coated heat-sealable chevron

pouch provides adequate impermeability and moisture retention.
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[6038] The two most commonly used sterilization procedures for medical
wound dressings, gamma irradiation and electron beam sterilization, were both
investigated. The packaged cellulose wound dressings were exposed at different
levels of radiation ranging from 5-50 KGy. The sterility of each dressing was then
evaluated using standard USP stenlity tests. The overall appearance and mechanical
integrity of the dressing and the packaging material was also examined. The results of

the sterility testing showed that the cellulose wound dressing wﬁs stable at the 5-40
KGy radiation dose and a minimum dose of 15 KGray was required to assure product
stenility. Cellulose wound dressing products that ‘were to be used for the
blocompatibility, ammal and human tests were then all sterilized at 30 KGy (two-fold

safety factor) to assure product sterility.

BIOLOGICAL EXAMPLES

Example 1-Absorption/Donation Studies

[0039] Cellulose pellicles of varying thickness were produced and processed
to remove cellular debrs. Pellicles were compressed to a uniform thickness of 1.9mm,
yielding a series of films with cellulose contents ranging from 1.5% to 10%. These
films were tested for the ability to absorb saline from a saturated surface, and to

donate moisture to a dry surface.

[0040] Weighed samples of uniform area were placed on the surface of a
saturated sponge. Saline was poured around the sponge to maintain saturation. After
24hr, the samples were reweighed to determine absorption, which was then plotted as
percent of 1nitial sample weight. To determine the moisture donation, weighed
samples of uniform area were placed on the surface of smooth, dry leather. The
leather was weighed prior to éddition of sample. After 2hr, the sample was removed
and the leather was reweighed to determine the quantity of moisture that was donated,

which again was plotted as percent of the initial sample weight.

[0041] Both absorption and donation data were plotted on one graph to
determine the optimal water content for both properties. This data is shown in Figure
1. From this figure 1t can be seen that in order to possess absorption and donation
capabilities, the cellulose percentage in the dressing should ideally be in' the fange of
3% to 6%. The figure also shows that one could make a dressing that would have

either enhanced absorption or enhanced donation, at the expense of the other property.

[0042] In order to show the superiority of the donation capability of the
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ml:crobial cellulose wound dressing (Xcell), tests were performed on traditional
hydrogels 1 the market. Products tested were Clearsite (NDM), Nugel
(Johnson&Johnson) and Flexigel (Smith&Nephew). The same procedure described
above was performed for these products, with data shown in Figure 2. The XCell data
used was for material containing 4.3% cellulose. As is clearly evident, the XCell
dressing donated over 75% of 1its initial weight, outperforming all competitor

products, which donated between 9% and 31%.

-[0043] Although donation 1s very important for wound healing, a wound
dressing would be 1deal if it had the ability to donate and absorb. The procedme
described previously for absorption was used to test Clearsite hydrogel wound
dressing. The data for this is shown in Figure 3, along with donation data and XCell
data. As can be seen, the absorption of both samples is nearly identical, but the XCell |

material donated six times more moisture than the hydrogel.

Example 2 -Biocompatibility Testing

[0044] The sterile cellulose wound dressing was subjected to the following
biocompatibility tests: 1) Guinea pig sensitization, 2) Primary irritation in rabbits and,
3) Cellular cytotoxicity. In the sensitization test, extracts of the product were injected
Into six guinea pigs. The body temperatures of the guinea pigs were monitored for any
sensitization reaction during the 8-10 week study period. The results showed no
evidence of delayed dermal contact sensitization in the guinea pigs. The Primary
irritation test was a two-week study using rabbits. In this test extracts of the cellulose
dressing were injected subcutaneously and the skin was observed for any irritation
reactions. The results showed that there was no evidence of significant irritation or
toxicity from the subcutaneous injection of the extract into rabbits. The Primary
Irritation Index of the cellulose dressing extract was found to be negligible. Finally,
the cytotoxity of the dressing with mammalian cells was tested using murine 929
cell culture. The results indicated that an extract of the cellulose dressing was not
cytotoxic and did not inhibit cell growth. The cellulose wound dressing prepared by
the instant invention successfully passed all of these tests thus assuring that the

product is biocompatible, safe and will not inhibit wound healing.

Example 3-Wound Healing in Animal Models

[0045] The objective of animal pre-clinical studies was to compare the wound
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héaling I;erfonnance in animal porcine models of the microbial derived cellulose
wound dressing with existing wound dressing products such as hydrocolloids and

hydrogels.

| [0046] The test was conducted using the porcine model protocol of the
Department of Dermatology of the University of Miami School of Medicine in

compliance with Association for Accreditation of Laboratory Animal Care

(AAALAC).

[0047] Briefly, the test was conducted on 2 pathogen-free pigs over a seve;n-
day period. Approximately 140 rectangular wounds (10x7x0.3 mm) were made in the
paravertebral and thoracic area of each pig with a specialized electrokeratome fitted
with a 7 mm blade. The wounds are separated from one another by a 15 mm of
unwounded skin. About 35 wounds were randomly assigned to each wound dressing
treatment group of cellulose, hydrocolloid, hydrogel and no dressing/air exposed. An

epidermal migration assessment was started two days after application.

[0048] In summary, the results showed that the cellulose wound dressing
healed the partial thickness wounds as well as the hydrocolloid dressing and better
than the hydrogel dressing. Significantly, on the fourth day after wounding, the
cellulose wound dressing healed 70% of the wounds as compared to 50%, 20% and
0% for the hydrocolloid, hydrogel and air-exposed wounds, respectively. By the fifth
day, both cellulose and hydrocolloid dressings had both healed 100% of the sampled
wounds, while the hydrogel and air exposed samples were only 70% and 50% healed,

respectively.

Example 4-Human Clinical Effectiveness Testing in Treating Chronic Wounds

[0049] The objective of the human clinical testing was to assess the
effectiveness of the cellulose wound dressing in treating various types of chronic
wounds. A total of 29 patients with 31 various types of chronic wounds were involved
in the study. The patients were treated with the cellulose wound dressing after passing
the inclusion criteria outlined in the study protocol ai:)proved by an institutional
review board (IRB). The cellulose wound dressing treatment was implemented for
'eight weeks or until the wound healed. Weekly wound observations were conducted.
After the observations were recorded the dressings were changed. Both wound

condition and size were recorded during the weekly visits and the study was
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terminated after the wounds healed or eight weeks of treatment.

[0050] The results of the human study can be divided into three notable
indications based on the performance of the cellulose wound dressing. The cellulose
wound dressing exhibited strength in the removél of slough necrosis in deep pressure
ulcers. Application of the cellulose wound dréssing reduced the hypergranulation
tissue down to the level of the surrounding epithelium in two wound presented with
the problem. The third and most interesting response to the cellulose wound dressing
was observed during the treatment of venous leg ulcers, paﬁicularly those with full
thickness tissue involvement. The results showed that out of thirteen (13) venous leg
ulcers (two partial thickness and eleven full thickness wounds), seven (54%) were
completely healed and the remainder (46%) showed improvement during the course

of the eight-week study.

[0051] It will be apparent to those skilled in the art that various modifications
and vanations can be made 1n the methods and compositions of the present invention
without departing from the spirt or scope of the invention. Thus, it 1s intended that
the'present invention cover the modifications and variations of this invention previded

they come within the scope of the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

i. Use of a microbial-derived cellulose dressing for treating chronic wounds, wherein

the microbial-derived cellulose dressing comprises from 1.5% to 9% cellulose by weight.

2. The use of claim 1, wherein the microbial-derived cellulose dressing comprises

from 3% to 7% cellulose by weight.

3. The use of claim 1, wherein the microbial-derived cellulose dressing comprises

from 4% to 6% cellulose by weight.

4. The use of claim 1, wherein the chronic wound is a full or partial thickness chronic
wound.

5. The use of claim 1, wherein the chronic wound is a venous ulcer.

0. The use of claim 1, wherein the chronic wound is a pressure ulcer.

7. The use of claim 1, wherein the chronic wound is a diabetic ulcer.,

8. The use of claim 1, wherein the microbial-derived cellulose dressing exhibits a

negative result in the Limulus Amebocyte Lysate test and is thereby nonpyrogenic.

9. The use of claim 1, wherein the microbial-derived cellulose dressing exhibits a
negative primary irritation test in rabbits and a negative cytotoxicity test using murine

.929 cells, passes a guinea pig sensitization test and is thereby biocompatible.

10.  The use of claim 1, wherein the microbial-derived cellulose dressing donates about

50% to about 90% of its liquid weight and absorbs about 20% to about 200% of 1ts weight.
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11. A microbial-derived cellulose dressing comprising 1.5 to 9 wt. % of cellulose.
2.  The microbial-derived cellulose dressing of claim 11 comprising 3 to 7 wt. % ot
cellulose.
13.  The microbial-derived cellulose dressing of claim 12 comprising 4 to 6 wt. % of
cellulose.
14.  The microbial-derived cellulose dressing of claim 11, which is shaped into the form
of a wound.
15.  The microbial-derived cellulose dressing of claim 11, which exhibits a negative

Limulus Amebocyte Lysate test and is thereby nonpyrogenic.

16.  The microbial-derived cellulose dressing of claim 11, which exhibits a negative
primary irritation test in rabbits and a negative cytotoxicity test using murine L929 cells,

passes a guinea pig sensitisation test and is thereby biocompatible.

17.  The microbial-derived cellulose dressing of claim 11, which donates about 50 to

about 90% of its liquid weight to a dry substrate, and absorbs about 20 to about 200% of its

weight.

18. A method for preparing a microbial-derived cellulose dressing comprising:
statically producing a microbial cellulose pellicle using Acetobacter xylinum;
isolating the pellicle with a cellulose to water ratio in the range ot 1:100 to 1:500;
and

drying the isolated pellicle to a cellulose content of 1.5 to 9 wt. %.
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19. A kit comprising:
a) a microbial-derived cellulose comprising 1.5 to 9 wt. % of cellulose;

b) a moisture proof package containing said microbial-derived cellulose; and

¢) instructions for applying the microbial-derived cellulose to a chronic wound.

20.  The kit of claim 19, wherein the microbial-derived cellulose comprises 3 to 7%
cellulose.

21.  The kit of claim 20, wherein the microbial-derived cellulose comprises 4% to 6%
cellulose.

22.  The kit of claim 19 which is sterilized by gamma irradiation.

23.  The kit of claim 19 which is sterilized by electron beam sterilization.

24.  The kit of claim 19, wherein the moisture-proof package containing the microbial-

derived cellulose comprises an aluminum plastic-coated heat sealable chevron pouch.

25.  The kit of claim 19, said kit comprising a nonpyrogenic microbial cellulose wound
dressing consisting essentially of water and from 1.5 to 4.3 wt.% of microbial cellulose,
said wound dressing made by a process that includes depyrogenating microbial cellulose
pellicles to provide nonpyrogenic microbial cellulose wound dressing and adjusting the
water content of the wound dressing to provide said wound dressing consisting essentially

of water and from 1.5 to 4.3 wt.% microbial cellulose, wherein the wound dressing has not

been completely dried.

26.  The kit of claim 25, wherein the microbial cellulose wound dressing consists of

water and 1.5 to 4.3 wt.% of microbial cellulose.

27.  The kit of claim 25, wherein said microbial cellulose wound dressing 1s shaped into

the form of a wound.

28.  The kit of claim 25, wherein said microbial cellulose wound dressing exhibits a

negative Limulus Amebocyte Lysate test and is thereby nonpyrogenic.
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29. The kit of claim 25, wherein said microbial cellulose wound dressing exhibits a
negative primary irritation test in rabbits and a negative cytotoxicity test using murine

.929 cells, passes a guinea pig sensitization test and is thereby biocompatible.

30.  The kit of claim 25, wherein said microbial cellulose wound dressing 1s prepared
by a process that further includes the steps of: statically producing a microbial cellulose
pellicles using Acetobacter xylinum; and isolating the pellicles with a cellulose to water

ratio in the range of about 1:100 to about 1:500.

31.  The kit of claim 30, wherein said microbial cellulose wound dressing 1s prepared
according to the further step of puritying sard microbial cellulose wound dressing by

exposure at 30 to 100 C for about 1 to 4 hours.

32.  The kit of claim 25, wherein said instructions comprise changing the wound from

twice daily to weekly.

33.  The kit of claim 25, said kit comprising a nonpyrogenic biocompatible microbial
cellulose dressing wherein said microbial cellulose dressing consists essentially of from
1.5% to 4.3% microbial cellulose by weight and water, and wherein the wound dressing
donates greater than 75% of its liquid weight to a dry or necrotic portion of said chronic

wound and absorbs liquid in an amount effective for treatment of a chronic wound.

34.  The kit of claim 33, wherein the dressing consists essentially of from 3% to 4.3%

cellulose by weight.

35.  The kit of claim 33, wherein the dressing consists essentially of from 4% to 4.3%

cellulose by weight.

36.  The kit of claim 33, wherein the chronic wound 1s a full or partial thickness chronic

wound.

37. The kit of claim 33, wherein the chronic wound is a venous ulcer.



CA 02484953 2011-04-08

20
38.  The kit of claim 33, wherein the chronic wound is a pressure ulcer.
30. The kit of claim 33, wherein the chronic wound 1s a diabetic ulcer.
40.  The kit of claim 33, wherein the microbial cellulose wound dressing consists of

water and from 1.5 to 4.3 wt. % of microbial cellulose.

41.  The microbial-derived cellulose dressing of claim 11 comprising 1.5 to 4.5 wt. %

cellulose.

42.  The microbial-derived cellulose dressing of claim 41 comprising 3 to 4.5 wt. %

cellulose.

43.  The microbial-derived cellulose dressing of claim 41 consisting essentially of 1.5 to

4.5 wt. % cellulose.

44,  The microbial-derived cellulose dressing of claim 41, wherein the microbial

cellulose wound dressing consists of water and 1.5 to 4.3 wt. % of microbial cellulose.

45.  The microbial-derived cellulose dressing of claim 43, wherein said microbial
cellulose wound dressing exhibits a negative Limulus Amebocyte Lysate test and 1s

thereby nonpyrogenic.

46.  The microbial-derived cellulose dressing of claim 43, wherein said microbial
cellulose wound dressing exhibits a negative primary irritation test in rabbits and a
negative cytotoxicity test using murine L.929 cells, passes a guinea pig sensitization test

and 1s thereby biocompatible.
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Figure 1-Absorption and Donation vs Percent Cellulose
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Figure 2-Donation of XCell and Hydrogels
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Figure 3-Absorption and Donation of XCell vs Clearsite (NDM)
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