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RESILIENT POLYSACCHARIDE FOAMS AND USES THEREOF

CROSS REVERENCE TO RELATED APPLICATIONS

{6631}  This application claims benefit to U.S. Provisional Patent Application No. 62/028,508
fitled “RESILIENT FOAMS AND USES THEREQE”, filed July 24, 2014, The entire contents

of the referenced application is incorporated herein by reference.

BACKGROUND OF THE INVENTION

A, Field of the Invention

[0062] The invention generally concerns resilient foams, and more specifically fo resiliont
foams made from derivatized polyanionic polysaccharides. The resilient foams are capable of
o

formung a thixotropic hydroge! when contacted with water, blood, wound exudate, ete.

B. Pescription of Related Art

[G8a3] Medical materials (for exaraple, gels or sphints) are intended for use in a variety of
surgical procedures (for example, nasal and/or sinus surgery} and/or wound treatments to control
bleeding, edema, and prevent adhesions between adjacent soft tissues structures. In recent years

o

there have been numerous efforts to make materials that minimize bleeding and cdema that
dissolve, biologically degrade, or fragment afier performung their function. Examples of some
current mwedical materials are Stammberger Simu-Foam™ {ArthroCare, Austin, TX), NasoPore®
{Polyganics, The Netherlands), XeroGel® {Cogent Therapeutics, Haywood, CA), SepraGel®
{Genzyme, Corp., Cambridge, MA), and MeroGel® and MeroPack®, (Medironic, Jacksonville,
FL). These materials are foams and/or gels that are malleable, however, they tend not to hold
thetr shape or provide sufficient mechamical foree to immobilize soft tissue, for example, nasal
structures.  Some of these materials muwst be stored under refrigeration and/or packaged in
vacuurg packs to fohibit thermal and oxidative degradation of the foarg and/or gel. Many of the
foamed materials must be hydrated during use to expand the foarn, however, many of the
materials fail to expand to a size sufficient to fill the cavity and/or provide sufficient mechanical

oft tissue. These materials and other current materials are

o

strength to immobilize or support
made from polyurethanes and/or cross-hnked various derivatives of polyanionic polysaccharides.
Bioresorbable gels and stents are also described 1 U8, Patent No, 8,313,762, and U.S. Patent

Application Publication No. 2003/0187381.
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13064} The problems associaied with the current materials are numerous. First, the materials
(for example, gels) serve only as a barrier or dressing and cannot be used to separate tissue.
Second, many of the materials fragment or remnain in the cavity or wound, and maust be physically
removed during the healing process. Such removal can aggravate the wound. Third, many of the
methods to make the materials involve cross-linking processes, which can add scveral steps
and/or expense to the production of the materials.  Fourth, many of the materials must be
nradiated or further proeessed to cause chain scission of the cross-hinked compounds to promote

degradation of the materials.

SUMMARY OF THE INVENTION

REEEEERY, A solution to the probiems assoctated with current materials has been discovered. In
particular, the solution resides in a resilient foam composed of a derivatized polyanionic
polysaccharide and having an open-cell foam structure. The discovery provides several solutions
to the problems existing with the current state of the art in this field. For one, cross-linking of the
polyanionic polysaccharide with itself, or other polymers, is not required fo form a three-
dimensional porous foam structure. Second, the resilient foam has the ability to absorb lguids
after placerment. Third, the resilient foam has robust mechanical properties that allow the
resilient foam to spring back when deformed and hold tissue apart, thus eliminating the need for
a mechanical sphint. Fourth, the resilient foam is flexible and pliable. The ability iobe cut to s
desired shape and/or size, and/or be bent or folded allows the resilient foam to be inserted into
small and/or narrow passages. Fifth, the resilient foam, when contacied with an agueous
composition {e.g., blood, wound exudate, biofluids, water, ¢tc.), forms a thixotropic hydrogel,
which can act as a dressing for healing tissucs while also maintaining ifs structure due fo its
thixotropic properties. After a desired amount of time, the thixotropic hydrogel may be removed
by dissolution in water or biofluids. In sum, the resilient foams of the imvention are an elegant
sofution to the problems associated with current medical devices, Other discoveries, in the

context of the present fnvention, are thixotropic hvdrogels.
i1 \

{6006} In ong aspect of the invention, a resilient foam includes a derivatized polyanionic

polysaccharide and has an open-ccll foam structure.

Non-limiting examples of
polyanionic polysaccharides inchide starch and cellulose. Non-Hmiting examples of derivatized
polvanionic polysaccharides inchude carboxymethyl cellulose, cellulose ethyl sulfonate,

carboxymethyl amylose, chondrottin-6-sulfate, chondroitin-4-suifate, dermatan sulfate, alginate,
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heparin, heparin sulfate, or any combination thereof. The resilient foam can include 40 wt.% or
more of derivatized polyanionic polysaccharide.  In some embodiments, the derivatized
polvanionic polysaccharide is dissolvable. In some aspects of the imvention, the denvatized
polyanionic polysaccharide has a degree of substitution of less than 0.6, from 0.2 to 0.55, or from
0.3 to 0.45 derivatives per monomer unit, a non-oniform distribution of the derivatized groups, or
any corobination thercof. In some instances, the polvanionic polysaccharide has a coustant
molecular weight per unit length of polvanionic polysaccharide. Without wishing to be bound by
theory, it is believed that after derivatization of the polyanionic polysaccharide, the derivatizing
groups protrude from the polyanionic polysaccharide backbone. The steric hindrance provided
by the protruding derivatizing groups inhibits inleractions between the remaining hydroxyl
groups. Thas, it is believed that as more hydroxyls are derivatized, the derivatized polyanionic
polysaccharide will hydrate more quickly (i.e., be hygroscopic) than a derivatized polyanionic
polysaccharide having a lower degree of substitution. For example, carboxymethyl celiulose
having a degree of substitution of greater than or equal to 0.7 will be more hygroscopic than
carboxymethyl celhdose having a degree of substitution of less than 0.7, (See, for example,
Hoefler in Sodium Carboxvmethy! Cellulose, Hercules Inc., wwwscribdcom). I was
surprisingly found that while the foams of the fovention have a degree of substitution of less than
0.6, they are hygroscopic and able to retam their resiliency after absorbing water in vapor form.
For example, the resilient foam can absorb 20 to 60 wt% of water vapor based on the total
weight of the dry foam and rerain resilient.  Upon absorption of a sufficient amount of
additional water in Hquid form, the resilient foarn forms a thixotropic hydrogel. The derivatized
polyanionic polysaccharide and/or resilient foam have not been subjected to cross-hnking
conditions, thus derivatized polyanionic polysaccharide or foam is not cross-linked or includes a
minimal amount of natural or self-cross-inking (for example, two polyanionic polysaccharide
molecules crosslinkimg upon apphceation of heat). For example, the derivatized polyanionic

polysaccharide includes 1 wt.% or less of cross-hinked polyanionic polysaccharide.

{087} A preferred polyanionic polysaccharide is carboxymethyl cellolose having a degree of
ubstitution of less than 0.6, a non-uniform distribution of the carboxymethyl groups, or any
combination thercof. In some aspects of the invention, the resilient foam contains 40 wt.% or

more of carboxymethyl cellulose with the balance being water. The carboxymethyl celiulose

hilose 18 derived from a regenerated cellulose that includes about 200 1o about 300 monomer

units. fn certain aspects of the invention, the carboxymethyl cellulose is derived from rayon, and,
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more preferably, from viscose rayon fiber. Carboxymethyl cellulose used i the invention can

also be derived from cupranmmonium rayon, bvocell, saponified rayon, and modulus rayon.

[0068] The resilient foam made from the derivatized polyanionic polysaccharide can be
porous and can contain up to 60 wt.% of water and remain resilient. In some instances, the
resifient foam may include a weight ratio of water to the derivatized polyanionic polysaccharide
of about 0.04 to 0.4, from about 0.06 to about 8.3, or about 0.1 to about 0.2. The resifient foam
may have 20 to 60 wi.% of water per total weight of resilient foam. Although the resilient foam
is hygroscopic, the resilient foam is non-delquescent. Without wishing to be bound to theory, 1t
is believed that the open-cell structure of the resilient foam allows water in vapor form to fill
small pockets in the open-cell foam structure to allow water to be absorbed in less substituted
regions of the polyanionic polysaccharide structure. Such a roethod of absorption allows the
resifient foam to be hygroscopic, but retams its vesthency. The resilient foam i also flexible,
biocdegradable, or both. The resilient foam is a non-hguid, non-flowable foam. In some aspects
of the mvention the resilient foam is obtained from a thixotropic hydrogel composed of a

derivatized polvanionic polysaccharide,

[G069] In another aspect of the invention, a thixotropic hydrogel is described.  The
thixotropic hydrogel is composed of a dertvatized polyanionic polysaccharide and water. The
polyanionic polysaccharide can have a degree of substitution of less than 0.6, from 8.2 to (.55, or
from 0.30 to .45 derivatives per monomer unit, and/or a non-uniform distribution of derivatized
groups. The thixotropic hydrogel is composed of 3 to 15 wt.% of the derivatized polyanionic
polysaccharide with the balance bemg water. The thixotropic hydrogel has a yield siress ranging
from 200 Pa or more, or from about 200 Pa to about 4000 Pa. Without wishing to be bound by
theory, it is belicved that the thixotropic hydrogel is a three dimensional siructure coraposed of
polysaccharide molecules that are atiracted to each other in their less-substituted regions through
weak intermolecular attractions and that this attraction provides the thixotropic properties of the
hydrogel. The less-substituted regions (hydrophobic regions} are produced by having hittie fo no
derivatizing groups io the less-substituted regions of the polyanionic polysaccharide. The less-
substituted regions are more difficult to hydrate, and thus it is belicved that the slow hydration of
the less-substituted regions of the polyanionic polysaccharide allows the thixotropic gel to slowly
dissolve in aqueous compositions over time. This ability to slowly dissolve over time allows the
thixotropic hydrogel to act as a moist dressing for tissue and to retain @8 structure due to the
thixotropic properties. Omne of the advantages of the thixotropic property of the gels of the

present inveniion is that they maintain their form or shape and have a decreased tendency to pool

or drip.
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16618}  The resilient foams of the mvention can be prepared by (a) obtaining a hydrogel
composed of a dertvatized polyanionic polysaccharide; (b} subjecting the hydrogel to conditions
sufficient to frecze water comprised in the hydrogel; {¢) subjecting the hydrogel from step (b) 1o
a drying step sufficient o form an open-cell foam; and {d} contacting the open-cell foam from
step {¢) with water to form the resilient foam. In some aspects of the tnvention, steps (b} and (¢}
may be done at the same time, for exaraple, the hydrogel can be subjected 1o fyophilization.
Lyophtlization may include dying at or below the triple point of water, or at £.10 °C and 4.58
torr. In some instances, the condition step (b} includes subjecting the hydrogel to a temperature
of 0 °C to -5 °C for 1 min. to 30 min and then raising the temperature to room temperature over a
period of time.  In other aspects of the invention, the drying step includes subjecting the hydrogel
in step (b) or step (c) to a dehydrating agent, for example, 95 o 100 wi% ecthanol, at a
temperature of -3 °C to 25 °C until substantially all water has been absorbed by the ethanol. The
open-cel foam obtained in step (¢} can be substantially rigid or non-resihent. o step (d) of the
mvention, the open-cell foam absorbs a sufficient amount of water to {orm the resihient foam
whereby the resilient foam is capable of being deformed upon application of pressure and
returning {o its original shape after removal of the pressure. In step (d), the foam can absorb 20
to 60 wi. % of water, based oun the total weight of the foam. The water in step (d), in some
aspects of the invention, is water vapor. The foam may be sterihized prior o step (d) or after step
{d). Step {d} may also be combined with step (¢} such that drying of the foam is discontinued
prematurely (before the foam 18 fully dried), at & point where remaining water i the foar is

o

sufficient to confer resilience to the open-cell foam.

16611} The resilient foam can be configured for jnsertion info a cavity or orifice of a subject,
and/or to separate opposing tissue surfaces of the subject. The foam can be configured to control
bleeding and prevent adhesion between tissue. In some aspects, the foam is configured for
msertion info nasal/simus cavities, an otologic cavity, a cranial cavity, a thoracic cavity, an
abdominal cavity, or a pelvic cavity., The resilient foam has sufficient mechanical resilience to
separale and hold tissue apart, or to hold tissue away from bone. In some instances, the resihent
foam is used as a bandage and/or configured to deliver drugs to a subject. In certain aspects of
the imvention, the resilient foam of the nvention may be administered to treat epistaxis, wounds,
or be used in surgical procedures. To some aspects of the mvention, the resilient foam and/or
thixotropic gel can be administered to a nasal cavily of a subject, and the foam or thixotropic
hydrogel may absorb sufficient blood from the subject to stop epistaxis. When treating a wound,
the resilient foam can be administered to the wound and the resilient foam absorbs exudate from
the wound. When used in surgical proceduares, the resihient foam can be inserted in a cavity to
separate and bold tissue apart and/or hold tissue away from bone. After coming in contact with

-5
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biofluids (for example, blood, nasal mucus, or exudate), the resibient foam can form a thixotropic
hydrogel, which can act as a moist dressing. Over time, for example from 2 or 3 to 7 days or
more, the thixotropic hydrogel dissolves in the biofluids and/or in an agueous composition
provided to the affected arca, thereby avoiding the need to surgically remove the foam or

hydrogel of the present mvention,

8812 Alse disclosed m the context of the present invention are embodiments | to
112, Embodimeni ! is a resilient foam that includes (a) a derivatized polyanionic
polysaccharide; and (b) an open-cell structure, wherein the resilient foam, when contacted with
water, is capable of forming a thixotropic hydrogel. Embodiment 2 is the resithent foam of
embodiment 1, wherein the derivatized polyanionic polysaccharide has a degree of substitution
of less than 0.6 derivatives per monoroer unit. Embodiment 3 is the resilient foam of any one of
embodiments | or 2, wherein the derivatized polyanionic polysaccharide has a degree of
substitution from 0.2 to 0.53 derivatives per monomer unit. Embodiment 4 is the resilient foam
of embodiment 1, wherein the derivatized polyanionic polysaccharide is a dissolvable
polysaccharide. Ermbodiment § is the resilient foar of any one of embodiments 1 1o 4, wherein
the derivatized polyanionic polysaccharide is carboxymethyl celhilose, celluiose ethyl sulfonate,
carboxymethyl amylose, chondroitin-6-suliate, chondroitin-4-suifate, dermatan sulfate, alginate,
heparin, or heparin sulfate, or any combination thereof. Embodiment 6 is the resilient foam of
embodiment 5, wherein the derivatized polyanionic polysaccharide is cellulose ethyl sulfonate.
Esbodiment 7 is the resilient foam of embodiment S, wherein the derivatized polyanionic
polysaccharide is carboxymethyl cellulose. Embodiment 8 is the resilient foam of embodiment
7, wherein the carboxymethyl celtiulose bas a non-uniform distribution of carboxymethyl groups.
Embodiment 9 is the resilient foam of any one of embodiments 7 or ¥, wherein the
carboxymethyl cellulose has a consistent weight per unit length of polymer. Embodiment 10 is
the resibient foam of any one of embodimenis 7 1o 9, wherein the carboxymethyl cellulose
compound has a molecular weight of 50 to 400 kilodaltons. Embodiment {1 is the resilient foarn
of any one of embodiments 7 to 10, wherein the carboxymethyl cellulose is derived from cotton
or cotion linters. Embodiment 12 is the resilient foam of any one of embodiments 7 to 10,
wherein the carboxymethyl cellulose is derived from a regenerated cellulose that inchudes from
about 200 to about 300 monomer units. Embodiment 13 15 the resibient foam of any one of
embodiments 7 to 10, wherein the carboxymaethy! cellulose 18 derived from rayon. Embodiment
14 ig the resilient foam of any one of embodiments 7 to 10, wherein the carboxymethyl! celhilose
is derived from viscose rayoun fiber. Embediment 15 is the resilient foam of any one of
embodiments 7 to 10, wherein the carboxymethyl cellulose is derived from at least one off

cuprammonium ravon, lyccch, saponified rayon, and modulus rayon. Embodiment 16 is the

-6-
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resilient foam of any one of embodiments 1 to 15, further including water, wherein a weight ratio
of the water to the derivatized polyanionic polysaccharide ranges from about 0.04 to about 0.6
Embodiment 17 is the resilient foam of any one of embodiments 1 to 14, further including water,
wherein an amount of the water ranges from 20 to about 60 wi.% based on the total weight of the

/
b

resilient foam. HEmbodiment 18 is the restlient foam of any one of embodiments 1 to 17, wherein
the resilient foam comprises 40 wi.% or more of the derivatized polyanionic polysaccharide.
Embodiment 19 is the resthent foam of any one of embodiments | to 18, wherein the resihent
foam is obtained from a hydrogel including the derivatized polyanionic polysaccharide, wherein
the hydrogel has a yield stress of 200 Pa or more, or ranging from about 200 Pa to about 4000 Pa.
Embodiment 20 is the resilient foam of embodiment 18, wherein the hydrogel ncludes the
derivatized polyanionic polysaccharide in an amount of about 3 to 15 wit.% of the hydrogel
Embodiment 21 is the resilient foam of any one of embodiments 1 to 20, wherein the resilient
foam is flexible. Embodiment 22 is the resilient foam of any onc of embodiments 1 1o 21,
wherein the resilient foam is capable of absorbing 60 wt.% or less of water and remain resilient.
Esbodiment 23 is the resihient {oam of any one of embodiments 1 to 22, wherein the resthent
foam is a non-liquid, non-flowable foam. Embodiment 24 is the resthient foam of any one of
embodiments 1 to 23, wherein the derivatized polyanionic polysaccharide is not cross-linked or
comprises a minimal amount of cross-hinking. Embodiment 235 1s the resibient foam of any one of
embodiments 1 to 24, wherein the derivatized polyanionic polysaccharide and/or resilient foam
has not been subjected to cross-linking conditions.  Embodiment 25 is the resilient foam of any
one of embodiments 1 to 25, wherem the resilient foam is biodegradable. Embodiment 27 is the
resilient foam of any one of embodiments | to 26, wherein the resilient foam I8 porous.
Embodiment 28 is the resihent foam of any one of embodiments 1 to 27, wherein the resilient
foam is non-dehiquescent when exposed to water vapor. Embodiment 29 15 the resilient foam of

any one of embodiments 1 to 28, wherein the resibient foam is sterile. Embodiment 30 15 the

2

or

[

resilient foam of any one of embodiments 1 to 29, wherein the resilient foam is configured
nsertion tote a cavity or orifice of a subject or to separate opposing tissue surfaces of the subject.
Embodiment 31 is the resilient foam of embodiment 30, wherein the resihent foam is configured
te contred bleeding and prevent adhesion to tissue. Embodiment 31 is the resilient foam of any
one of embodiments 1 to 30, wherein resilient foam is configured for msertion into nasal/sinus
cavitics, an otologic cavity, a cranial cavity, a thoracic cavity, an abdominal cavity, or a peivic
cavity. Embodiment 32 is the resilient foam of any one of embodiments 1 to 31, wherein
resilient foam is configured for insertion into nasal/sinus cavities, an otologic cavity, a cranial
cavity, a thoracic cavity, an abdominal cavity, or a pelvic cavity. Embodiment 33 is the resilient

foam of any one of embodiments 1 to 32, wherein the resthient foam 15 configured for use as a
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bandage. Embodiment 34 is the resilient foam of any one of enbodiments 1 to 33, further

~

including a drug. Embodiment 35 is the resilient foam of any one of embodiments 1 to 34,

wherein the thixotropic hydrogel is capable of dissolving in the water. Embodiment 36 is the

resilient foam of embodiment 35, wherein some of the thixotropic hydrogel dissolves in the
water. Embodiment 37 is the resilient foam of any one of embodiments 35 or 36, wherein the

thixotropic hydrogel substantially dissolves in the water.

1613} Embodiment 38 is a resilient foam that includes (a) a derivatized polyanionic
polysaccharide having 4 degree of substitution of tess than 0.6 derivatives per monomer unit; and
{b} an open-cell structure. Embodiment 39 is the resilient foam of embodiment 38, wherein the
degree of substitution ranges from 0.2 to 0.55 derivatives per monomer unit. Embodiment 40 is
the resilient foam of embodiments 38 or 39, wherein the derivatized polyanionic polysaccharnide
1s carboxymethyl cellulose, carboxymethyl amylose, chondroitin-6-sulfaie, chondroitin-4-sulfate,
dermatan sulfate, alginate, heparin, or heparin sulfate, or any combination thereof. Embodiment
41 is the resiliont foam of embodiment 40, wherein the derivatized polyanionic polysaccharide is
carboxymethyl cellulose. Embodiment 42 1s the resilient foam of embodirent 41, wherein the
carboxymethy! cellulose has a molecular weight of 50 to 400 kilodaltons. Embodiment 43 is the
resilient foam of any one of embodiments 41 to 42, wherein the carboxymethyl cellulose has a
substantially counsistent molecular weight per unit length. Embodiment 44 is the resilient foam of
any one of embodiments 38 to 43, wherein the resithent foam, when contacted with water, 18
capable of forming a thixotropic hydrogel. Embodiment 45 is the resilient foam of embodiment
44, wherein the thixotropic hydrogel is capable of dissolving in the water. Embodiment 46 is the
resilient foam of embodiment 43, wherein a portion of the thixotropic hydrogel dissolves in the
water, Embodiment 47 is the resilient foam of any one of embodiments 45 to 46, wherein the

thixotropic hydrogel substantially dissolves i the water.

{014} Embodiment 48 is a resilient foam that mclhides (a) a derivatized polyanionic
polysaccharide having a non-uniform distribution of derivatized groups; and (b) an open-cell
structure. Embodiment 49 is the resthient foam of embodiment 48, wherein the resilient foam,
when contacted with water, 18 capable of forming a thixotropic hydrogel. Embodiment 50 is the
resilient foam of embodiment of 49, wherein the thixotropic hydrogel is capable of dissolving in
the water. Embodiment 51 is the resilient foam of embodiment 49, wherein some of the
thixotropic hydrogel dissolves in the water. Embodiment 52 18 the resibient foam of any ong of
embodiments 50 to S1, wherein the thixotropic hydrogel substantially dissolves in the water.
Embodiment 53 is the restlient foamn of any one of embodiments 48 to 32, wherein the

derivatized polyanionic polysaccharide has a degree of substitution of less than 0.6, Embodiment

-8
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54 is the resilient foam of embodiment 53, wherein the degree of substitution ranges from 0.2 to
0.55 derivatives per monomer unit.  Embodiment 55 is the resilient foam of any one of
embodiments 48 to 54, wherein the derivatized polyanionic polysaccharide is carboxymethyl
cellulose, carboxymethyl amylose, chondroitin-6-sul{ate, chondroitin-4-sulfate, dermatan sulfate,
alginate, heparin, or heparin sulfate, or any combination thereof. Embodiment 56 is the resilient
foam of erghodiment 55, wherein the derivatized polyanionic polysaccharide is carboxymethyl
celhidose. Embodiment 57 is the resilient foam of embodiment 56, wheren the carboxymethyt
celhilose has a molecular weight of 58 {o 400 kilodaltons. Embodiment 58 is the resilient foam
of any one of embodiments 56 to 57, wherein the carboxymethyi cellulose has a substantially

consistent molecular weight per unit length.

[G015] Embodiment 592 is a thixotropic hydroge! that includes (a) a derivatized polvanionic
polysaccharide having a degree of substitution of less than 0.6 carboxymethyl groups per
monemer unit; and (b) water, wherein the hydrogel has thixotropic properties. Embodiment 60 is
the thixotropic hydrogel of embodiment 59, wherein the degree of substifution ranges from 0.2

(.55 derivatives per moenomer unit.  Ergbodiment 61 is the thixotropic hydrogel of any one of
embodiments 59 to 60, wherein the derivatized polyanionic polysaccharide is carboxymethyi
cellulose, carboxymethy! amylose, chondroitin-G-sulfate, chondrottin-4-sulfate, dermatan sulfate,

alginate, heparin, or heparin suliate, or any combination thereof. Embodiment 62 is the
thixotropic hydrogel of embodiment 61, wherein the derivatized polyanionic polysacchanide is
carboxymethyl cellulose. Embodiment 63 s the thixotropic hydrogel of embodiment 62, wherein
the carboxymethyl celhifose has a molecular weight of 200 to 400 kilodaltons. Embodiment 64
is the thixotropic hydrogel of any one of cmbodiments 62 to 63, wherein the carboxymethyl
cellulose has a substantially consistent molecular weight per unit length. Embodiment 65 is the
thixotropic hydrogel of any one of embodiments 59 to 64, wherein the derivatives are distributed
in the polvanionic polysaccharide 1o a non-uniform manner. Embodiment 66 is the thixotropic
hydrogel of any one of embodiments 59 to 65, wherein the thixotropic hydrogel has vicld stress
of 200 Pa or more, or rangmg from about 200 Pa to about 4000 Pa. Embodiment 67 is the
thixotropic hydrogel of cmbodiment 66, wherein the thixoiropic hydrogel comprises the
derivatized polyanionic polysaccharide m an amount of 3 to 15 wt% of the hydrogel
Embodiment 68 is the thixotropic hydrogel of any one of embodiments 58 to 66, wheremn the
thixotropic hydrogel has a three-dimensional structure, and wherein the water is comprised in the

three-dimensional structure.

1616} Embodiment 69 is a thixotropic hydrogel that includes (a) a derivatized polyanionic

polysaccharide having a non-uniform distribution of derivatized groups; and (b} water, wherein
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the hydrogel has thixetropic propertics. Embodiment 70 is the thixotropic hydrogel of
embodiment 69, wherein the derivatized polvanionic polysaccharide has a degree of substitution
of less than 0.6 derivatives per monomer unit. Embodiment 71 is the thixotropic hydrogel of
embodiment 70, wherein the degree of substitution ranges from 0.2 to 0.55 derivatives per
monemer unit. Embodiment 72 is the thixoiropic hydrogel of any one of embodiments 69 to 71,
wherein the derivatized polvanionic polysaccharide is carboxymethyl celiulose, carboxymethyl
amylose, chondroitin-6-sulfate, chondroitin-4-sulfate, dermatan sulfate, alginate, heparin, or
heparin sulfate, or any combination thereol. Embodiment 73 is the thixotropic hydrogel of
embodiment 69, wherein the derivatized polyamionic polysaccharide is carboxymethyl cellulose.
Embodiment 74 is the thixotropic hydrogel of embodiment 72, wherein the carboxymethyl
cellvlose has a molecular weight of 200 to 400 kilodaltons. Embodiment 75 is the thixotropic
hydrogel of any one of embodimenis 73 1o 74, wherein the carboxymethyl cellulose has a
substantially counsistent molecular weight per unit length.  Embodiment 76 s the thixotropic
hydrogel of any one of embodiments 69 to 75 wherein the derivatives are distributed in the
polyanionic polysaccharide in a non-uniform manner.  Embodiment 77 15 the thixotropic
hydrogel any one of embodiments 69 to 76, wherein the thixotropic hydrogel has vield stress of
200 MPa or more, or ranging from about 200 MPa fo about 4000 Mpa. Embodiment 78 is the

r-]

thixotropic hydrogel of embodiment 77, wherein the thixotropic hydrogel comprises the
derivatized polyanionic polysaccharide in an amount of 3 to 10 wi%% of the hydrogel
Embodiment 79 is the thixotropic bydrogel of any one of cmbodiments 692 to 78, wheren the
thixotropic hydrogel has a three-dimensional structure, and wherein the water is comprised in the
three-dimensional stractare.  Embodiment 80 is the thixotropic hydrogel of any one of
embodiments 69 to 79, wherein the thixotropic hydrogel, when contacted with water, dissolves in

the water.

G017} Embodiment §1 is a method of preparing any one of the resilient foams of any one of
embodiments 1 to 58, the method including {(a) subjecting the hydrogel to conditions sufficient to
frecze water comprised in the hydrogel; (b) subjecting the hydrogel from step (b} to a drying step
sufficient to form an open-ccll foam; and (¢} contacting the open-celi foam from step (¢} with
water to form the resilient foam. Embodiment 82 is the method of embodiment 1, wherein the
derivatized polyanionic polysaccharide has a degree of substitution of less than 0.6 derivatives
per monomer unit.  Embodiment 83 is the method of embodiment 82, wherein the degree of
substitution ranges from 0.2 to (.55 derivatives per monomer unit. Embodiment 84 is the method
of any onc of embodiment 81 to 8%, wherein the derivatized polyanionic polysaccharide has a
non-uniform distribution of derivatized groups. Embodiment 85 is the method of any one of
embodiments 81 to 84, wherein the derivatized polyanionic polysaccharide is carboxymethyi
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celulose, carboxymethyl amylose, chondroitin-6-sulfate, chondroitin-4-sulfate, dermatan sulfate,
alginate, heparin, or heparin suifaie, or any combination thereof. Embodiment 86 s the method
of embodiment 85, wherein the denivatized polyanionic polysaccharide is carboxymethyl
celivlose.  Embodiment 87 is the method of embodiment 86, wherein the carboxymethyl
cellulose has a molecular weight of 200 to 400 kilodaltons. Embodiment 8% is the method of any
one of embodiments 81 to 82, wherein the carboxymethyl ceilulose has a substantially consistent
molecular weight per unit length. Embodiment 89 is the method of any one of embodiments 86
to 87, wherein the conditions sufficient o freeze water comprised in the hydrogel comprises
ubjecting the hydrogel to a temperature of 0 °C to -5 °C for 1 min to 30 min. Embodiment 99 is
the method of any one of embodiments 81 {o 89, wherein the drying step (b) and the freezing step
{c} comprises subjecting the hydrogel in step (a8} to lyophilization. Embodiment 91 is the method
of embodiment 90, wherein lyophilization includes drying at or below the triple, or at 8.1 °C at
4.58 torr. Emnbodiment 92 is the method of any one of embodiments 81 to 91, wherein the drying
step sutficient to form an open-cell foam comprises subjecting the hydrogel in step (b) and/or {¢)
te 95 to 100 wi.% cthanol at a temperature of -5 to 25 °C until all the water has been absorbed by
the cthanol. Embodiment 93 is the method of any onc of embodiment 76 to &7, wherein the
open-cel foam obtained o step (¢} 15 substantially rigid or non-resilient. Embodiment 94 1s the
method of any one of embodiments 81 to 93, wherein the open-cell foam in step (d) absorbs a
sufficient amount of water to form the resilient foam, wherein the resilient foam is capable of
being deformed upon application of pressure and returning to its oviginal shape after removal of
the pressure.  Embodiment 935 is the method of any one of embodiments 81 to 94, wherem the
open-cell foam in step (d) absorbs 20 wt. % to 60 wi. % water. Embodiment 96 is the method of
any one of erbodiments &1 to 95, wherein the water in step {d} is water vapor. Embodiment 97

is the method of any one of embodiment 76 1o 90, further including sterilizing the resilient foam.

[B018] Embodiment 98 is a method of forming a thixotropic hydrogel from any one of the
resilient foams of embodiments | to 38, the roethod including contacting the resilient foarn with
an aqueous composition sufficient to form the thixotropic hydrogel. Embodiment 99 is the
method of embodiment 98, wherein the agueous compeosition is blood. Embodiment 100 is the

method of cobodiment 99, wherein the agueous composition is exudate from a wound.

[6019] Embodiment 101 is a method for treating cpistaxis in a subject, the method nchiding
administering any onc of the resilient foams of embodiments 1 to 38 to the nasal cavity of a
subject, wherein the resihient foam treats the epistaxis. Embodiment 102 is the method of
embodiment 101, wherein the resilient foam transforms into a thixotropic hydrogel afier coming

into contact with blood from the subject.

t
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13628} Embodiment 103 is a method for treating a wound in a subject, the method including
administering any one of the resilient foams of embodiments 1 to 58 to the wound of a subject,
wherein the resilient foam treats the wound., Embodiment 104 1s the method of embodiment 103,
wherein the resilient foam transforms into a thixotropic hydrogel after coming into contact with
exudate from the wound. Embodiment 105 is the method of embodiment 104, wherein the

thixotropic hydroge! dissolves in the exudate from the wound.

1021} Embodiment 106 is a method for treating epistaxis in & subject, the method including
administering any one of the thixotropic hydrogels of embodirnents 59 to 80 to the nasal cavity of
a subject, wherein the thixotropic hydrogel treats the epistaxis. Embodiment 107 is the method
of ecmbodiment 106, wherein the thixoiropic hydrogel absorbs blood from the subject.
Embodiment 108 is the method of any one of embodimgents 104 to 107, further meluding

providing sufficient water to the nasal cavily to dissolve the thixotropic hydrogel.

16622} Embodiment 109 15 a method for treating a wound in a subject, the method mchiding
administering any one of the thixotropic hydrogels of embodiments 59 1o 80 to the wound of &
subject, wherein the thixotropic hydrogel treats the wound. Embodiment 110 is the method of

embodiment 109, wherein the thixotropic hydrogel absorbs exudate from the wound.

g

1623} Embodiment 111 is a method for absorbing an aqueous composition, the method
including confacting the agueous composition with any one of the resilient foams of
embodiments | to 58 or any one of the thixotropic hydrogels of embodiment 539 to 80, wherein
the aguecus composition is absorbed by the resihient foam or by the thixotropic hydrogel.

Embodiment 112 is the method of embodiment, wherein the agueous composition is blood or

exudate.

16624} The following mcludes definitions of various termas and phrases used throughout this
specification.

[B025] The term “biodegradable” means capable of bemg broken down into mnocuous

produacts by the action of Hiving things.

6626} The term “degree of substitution” refers to the average number of substituents per
monomer unit of polysaccharide. For example, a carboxymethyl cellulose (CMC) having a
degree of substitution of 0.2 means that on average the CMC has 2 carboxymethyl groups per 10
anhydroglucose units. The degree of substitution can be determained stoichiometrically based on

the polymer weight and the amount of substituents.
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[G028] The term “epistaxis” roeans to drip or bleed from the nose (for example, noschiecd).
16629} The term “resiliont” refers to an object being able {o recoil or spring back tnto shape

after being bent, stretched or compressed.

G036 The term “lvophilizing” means frecze-drying.
16031} The terms “non-uniforra distribution of derivatives” or “uniform distribution of

derivative” refers to the degree of clustering of the derivatives {(substituents) on the backbone of
o por) N g

the polysaccharide polymer.

[6033] The term  “pon-cross-linked polysaccharide” means that  the polyanionic
polysaccharide has not been intentionally subjected to conditions, for example, thermal or
chemical conditions, that would promote cross-linking of the polysaccharide with itself and/or
other molecules (for example, hyaluronic acid or derivatives thercof). Io general, “non-cross-
hinked polysaccharide” m the context of the present invention includes resibient foams o
hydrogels of the preseat invention having I wt% or less of cross-linked polyanionic

polysaccharides.

1633} The term “thixotropic” refers i the context of this invention is the ability of a gel
substance to become flowable when stressed, but return to a non-flowable or fixed form when at
rest. For example, the thixotropic hydrogel of the mvention may fow under pressure, but retam
to its non-fowable gel form afler pressure is released. FIGS. 8 and 7 provide non-limiting
examples of a thixotropic gel of the present invention i a non-flowable or fixed gel form—its

shape is maintained until it 1s subjected to foree or pressure.

16034} The term “subject” refers to a human or a mammal,
[6035] The term “about” or “approximately” are defined as being close to as understood by

one of ordinary skill io the art, and in one non-limiting embodiment the terms are defined to be

within 10%, preferably within 5%, more preferably within 1%, and most preferably within 0.5%.

16036} The use of the word “a” or “an” when used in conjunction with the term “comprising”
in the claims or the specification may mean “one,” but it is also consistent with the meaning of

39 4¢

“ome or more,” “at least one,” and “one or more than one.”
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1637} The words “comprising” (and any form of comprising, such as “comprise” and
“coroprises”), “having” (and any form of having, such as “bhave” and “has”}, “including” {and

any form of including, such as “includes” and “inchude”™) or “containing” (and any form of

containing, sach as “containg” and “contain”) are inclusive or open-ended and do not exclude

additional, unrecited clements or method steps.

038} The methods and catalysts of the present mvention can “comprise,” “consist
essentiaily of,” or “consist of” particular components, compositions, ingredients efc. disclosed
throughout the specification. With respect to the transitional phase “consisting essentially of)” in
one non-limiting aspect, a basic and novel characteristic of the resilient foams, thixotropic
hydrogels, and methods of the present invention arc their ability to efficiently promote

hemostasis, conirol epistaxis, and/or provide roechanical support.

1639} Other objects, features and advantages of the present invention will become apparent
from the following figures, detailed description, and cxamples. I should be understood,
however, that the figures, detmled description, and examples, while mdicating specific
embodiments of the mvention, are given by way of illustration only and are not meant to be
hmiting. Additionally, it is contemplated that changes and modifications within the spirit and
scope of the invention will become apparent to those skilled in the art from this detaied
description. In further aspecis, features from specific aspects may be combined with features
from other aspects. For example, features from one aspect may be combined with features from

any of the other aspects.

BRIEE BESCRIPTION OF THE BRAWINGS

Lz FiG. 1 is a scanning clectron micrograph of an embodiment of the restlient foant.
(6041} FiG, 2 is a photo of a cross-sectional portion of an embodiment of the resilient foam.

1642} Fi(s. 3 is a photo of an embodiment of the rigid open-cell foam prior to treatment

with water (1.¢., a non-resilient foam).

16043} FiG, 4A is 3 photo of an embodiment of a resilient foam of the present invention with
pressure being applied.

15644] FiG, 48 is a photo of the resilient foam in FIG. 4A afier release of pressure.

[0045] FiG. 5 depicts a photo of an embodiment of the thixotropic hydrogel of the invention

~

formed by addition of water to a resilient foam of the present invention.
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1046} Fiz. 6A depicts a schematic of uniform distribution of derivatizing groups in

derivatized cellulose

{6847} FiG. 6B depicts a schematic of non-uniform distribution of derivatizing groups in

celhulose.

1§64 8] Fitz. 7 depicts a photo of a thixotropic gel of the present tnvention coniaining

carboxymethy! cellulose mixed with water.

[(049] FiG, 8 depicts a flow chart of a process to make the resilient foam of the present

mvention.
DETAILED DESCRIPTION OF THE INVENTION
(EHUSH While dissolvable and/or bioresorbable medical materials are known, many of these

materials suffer from the deficiencies outlined above. For example, current medical materials
may not be resihent, hold their shape, and/or provide sufficient mechanical force to immobilize
sofl tissue without additional packing. Many of the current mechanical materials are provided in
a dry state and reguive hydration of the material prior {o use, however, in the hydrated state, the
materials provide Hittle to no mechanical strength or resilience, and/or dehydrate during use. For
example, many of these materials must be kept moist with sterile saline and/or nasal spray afier
msertion mto a nasal cavity. One potential cause of the mechanical problems is that many of
these materials are made through cross-hinking of a polyanionic polysaccharide with itself and/or
other cross-linking agents. The degree of cross-hinking can be difficult to control, and thus cross-

hinked polymeric structures having mconsistend physical properties may be produced.  Such
nconsistencies can produce materials having variations in their roechanical properties, which can

lead to failure or poor performance of the materials.

{051} The present discovery offers an elegant solution to the inconsistencies and drawbacks
of the currently available materials and/or gels by providing a resilient foam that has an open-celi

structure and is composed of a polyanionic polysaccharide. The resilient foam, when contacted
with water, forms a thixotropic hydrogel. The resilient foam springs back when deformed,
provides structural iniegrity to a tissue, absorb hguids afler placement, and/or when contacted

with liguids can provide a moist dressing o promote hemostasis.

5_
[¢]

1652} These and other non-limiting aspects of the present invention are provided in

following sections.

t
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A. Resilient Foam and Thixotropic Hydrogel

[6653]  FIG. 1 is a scanning electron micrograph of an embodiment of the resitient foam made

~

from carboxymethyl cellidose. As shown in FEG. 1, the resilient foam has a three-dirnensional

structure with mterconnected openings throughout the carboxymethyl cellulose foam structure.
Thus, the resilient foam has 8 three-dimensional open-cell structure. FIG. 2 1s a photo of a cross-
sectional picce of the resilient foam. As shown, in FIG. 2, the foam has a sponge-like structure.
FIG. 3 is a photo of an embodiment of the rigid open-cell foam prior to treatraent with water. As
shown in FIG. 3, application of force to the foam (e.g., the finger is pressing on the foam) does
not deform the foam. Thus, the open-cell foam is rigid and has httle fo no resilience prior to
treatmoent with water. FIGS, 4A and 48 are photos of an embodiment of the rigid foam (for
example, the foam n FIG. 3} after treatment with water to produce a resilient foam of the present
mvention. As shown in FIG. 4A, application of force to the surface of the resthent foam (e.g.,
pushing down on the surface with & finger) moves the surface of the foam in the direction of the
applied force {c.g., downward). When the applied force is removed (e.g., the finger is lifted), the
surface of the foam returns to its substantially original state as shown in FIG. 4B. Thas, the
resilient foam is capable of being stressed and upon release of the stress returns to its original, or
substantially original, shape. Further, the resilient foam is pHable and flexible. For example, the
two sides of the resilient foam can be folded towards each other without breaking or tearing of
the foam surface. The resilient foam can also be squeczed, and/or cut to a required size. Such
mechanical properties allow the resilient foam o contour fo a body cavity or wound as required,
separate and hold tissuec apart, separate tissuc and hold tissue away from bone, provide
mechanmical and/or chemical hemostasis, control epistaxis, prevent adhesion, minimize bleeding,
sweling and edema, or any combination thereot. Upon contact with an aqueous composition {for
example, water, saline, or biofluids), the foam becomes a thixotropic hydrogel. ¥iG, 8 depicts a
photo of an embodiment of the thixotropic hydrogel of the invention formed by addition of water
to the foamn. The thixotropic hydrogel and/or foam may remain in place for a period of time, for
exarple 2 days, 3 days, 7 days, 10 days or longer, or until removed by dissohution with a water
solution or dissolution in biofluids. The thixotropic hydrogel and foam slowly dissolve
aqueous compositions over time. The rate of dissolation of the thixotropic hydrogel and/or foam
n water can be controlled by the amount of agueous composition provided to the foam and/or
thixotropic hydrogel. Without wishing to be bound by theory, it is believed that exposure 0 an
excess amount of water (for example, absorption of greater than 66 wt.% of water) will cause the
foam to develop into a hydrogel and further develop a concentration gradient as water diffuses

into the hydrogel (i.e., high water and low polyanionic polysaccharide content at the polyvanionic

- 16 -



1

[N
h

h

{3

wh

WO 2016/014158 PCT/US2015/034902

polysaccharide gel and water interface that then increases to a high polyanionic polysaccharide
and low water countent, thixotropic gel within the center of the hydrogel bolus). Water will
continue to diffuse into the hydrogel bolus due to the presence of an osmotic gradient across the
water and low polyanionic polysaccharide interface. When the polyanionic polysaccharide
concentration reaches about 3 wt.% (1.¢., the weight percent of the polysaccharide continues {o
decreasc as the foam or gel absorbs more water), the hydrogel will lose its thixotropic property
and become a viscous aqueous polyanionic polysaccharide solution. This viscous agueous
solution will then continue to become more dilute as more water diffuses into the hydrogel bolus.
In this manoer, the thixotropic polvanionic poiysaccharide gel bolus undergoes dissolution from
the interface between the gel bolus and water interface inward. The rheology of the gel bolus
will vary from fully thixetropic al its center lo a non-thixolropic viscous polyanionic
polysaccharide solution at the periphery of the bolus. In between these extremes, will be a
swollen thixotropic hydrogel and a moving conversion zone wherein thixotropy breaks down

when the polyanionic polysaccharide concentration is 3 wi.% or less.

B. Berivatized Polyanionic Polysaccharides
[B054] Derivatized polyanionic polysaccharides (for example, esters) can be formed by the

reaction of a polysaccharide with a derivatizing compound. Examples of derivatizing

compounds include haloacids, alkyl halides, and alkyl oxides, ctc. A non-limiting cxample of 8
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[B055] Derivatized polyanionic polysaccharides (for example, derivatized cellulose) can be
prepared by contacting a polyanionic polysaccharide with base in the presence of an acylaling
agent using methods known in the art. {See, for example, U.S. Patent No. 4,410,694), A non-

Hmdting exanple of the general reaction for derivatization of polyanionic polysaccharide is as

follows:
R-OH +NaOH —> R-ONa + HO {13
R-ONa + CICH,COONa —> R-O-CH,-COONa + NaCl + H,O ()
where R is polyanionic polysaccharide having structure (1)

[B056] Contact of the acylating reagent (for exaraple, chloroacetic acid) with the polyanionic

polysaccharide at a contact temperature and contact time is sufficient to provide the derivatized
polyanionic polysaccharide (for example, carboxymethyl cellulose) with a desired degree of
ubstitution. The amount of derivatization can be determined stoichiometrically from the
average molecular weight of the polyanionic polysaccharide, knowledge of number of aniomic
groups, and knowledge of the amount of acylating agent. The resulting derivatized polyanionic
polysaccharide used to prepare the resilient foam of the invention has a degree of substitution
that is less that about 0.6, from 0.2 1o 0.55, or from 0.3 to 0.45. In some cmbodiments, the
derivatized polyanionic polysaccharide is a dissolvable polysaccharide, for example, a sugar.
Such a derivatized polyamionic polysaccharide may not be dependent on the degree of
ubstitution of dissolution to occur. A non-limiting example to prepare derivatized cellulose
includes continuousiy circulating a homogencous alkaline Hquid through viscose rayon fibers ina
reaction vessel. The homogeneous alkaline liquid meludes an effective amount of an esterifying
agent and salis thercof (for example, chlorcacetic acid and sodium choloroacetic acid), a

homogeneous alkaline reactant (for example, sodium hydroxide), aleohol {for exampie, ethanol)

ry

and water, Circulating the homogeneous alkaline hquid through the viscose rayon {ibers at a

temperature, for example, 68 to 70 °C, for a sufficient time converts the rayon fibers into
carboxymethyl cellulose fibers. The carboxymethyl celivlose fibers can be washed and the
alcohol removed under partial vacuum fo produce substantially pure carboxymethyl celiulose
fibers. In one aspect of the invention, the carboxymethyl cellulose {ibers can be physically
processed (for example, knitted) for ease of handling. Similar processes can be performed to

derivatize polysaccharides to  produce carboxymethyl amylose, chondroitm-6-sulfate,
4 ) 3 s
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chondroitin-4-sulfate, dermatan sulfate, alginate, heparin, or heparin sulfate, or any combinatinn

thereof.

{0057} Derivatization of the polyanionic polysaccharide can result in a non-uniform
distribution of the derivatized groups. Without wishing to be bound by theory, it 15 behieved that
when a non-uniforraly substituted derivatized polvanionic polysaccharide is blended with another
fluid, the resulting fuid will have non-uniform properties, non-Newtonian flow propertics, and/or
thixotropic propertics. FIGS. 6A and 6B arc schematics depicting uniform and non-uniform
structures of carboxymethyl cellulose.  In FIG. 6A, cellulose 608 mncludes layers of cellulose
molecules 108 and carboxymethyl groups 182. As shown, the layers of cellulose molecales 106
are separated by uniformly distributed carboxymethyl groups 182 in the cellulose. This uniform
distribution of carboxymethyl groups allows fluid (for example, water) to flow between 1
tayers of cellulose molecules which hydrates the cellulose. Hydrating the cellulose decreases the
hyvdrogen bonding between cellulose layers and promotes dissolution of the cellulose into the
fluid.  Said another way, carboxymethyl celluiose with uniformly distributed carboxymethyi
groups will easily dissolve in water. As shown in FIG. 6B, the lavers of cellulose molecules 100
in portion 184 are separated by uniformly distributed carboxymethyl groups 162 while the layers
of cellulose molecules in portion 186 are not scparated and/or do not contain the carboxymethyl
groups. Without wishing to be bound by theory, it is believed that the non-derivatized portion of
the celhidose is bound together through intermolecular interaction, thus this portion of the
celhilose is not as sosceplible to hydration.  Therefore, this portion of the carboxymethyl
cellulose is insohuble or partially insoluble in water. Since the derivatized portion of the cellulose
is more susceptible to hydration, this porticn of the carboxymethyl cellulose may be partially
soluble or soluble in water. Due to the msolubility of the non-derivatized portions of the
carboxymethyl celludose and the solubility propertics of the derivatized portions of
carboxymocthyl celhilose, the carboxymethyl celhulose when treated with sufficient fhuid (for
example, 60 wi.%6 or more of water or biofluids) form a gel having non-uniform, non-Newtonian

flow properties, and thixotropic properties.

. Preparation of Resilient Foams and Thixotropic Hydrogels

058} The derivatized polyanionic polysaccharide (for example, the carboxymethyl
cellulose fibers) described in Section B above, can be dissolved in water to produce a gel having

from about 3 to 15 wi.%, 4 t0 9 wt.%, or 5 to § wt.9% of derivatized polyanionic polysaccharide
with the balance being water. Any type of water (for example, deionized, filtered, or potable)

may be mixed with the polyanionic polysaccharide. A non-hmiting example, of a gel of the
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invention is a carboxymethyl cellulose hydrogel. In some aspects of the present invention the
produced gel 18 & thixotropic hydrogel. ¥FIG. 7 depicts a photo of a thixotropic gel formed by
adding water to carboxymethyl cellulose of the present invention. The gel and/or thixotropic
hydrogel may be stored, packaged for sale, sterilized, or further processed into a resihient foam of

the invention.

{059} The resilient foam of the fnvention can be made from the previously described
derivatized polyanionic polysaccharide gel and/or the polyanionic polysaccharide thixotropic
hydroge! by subjecting them to freezmg, drying, and hydrating treatments.  In a non-limiting
example, the gel composed of carboxymethy? cellulose and water may be placed in a mold of'a
chosen shape and size (for example, a contoured mold shaped to resemble a nasal cavity). The
mold may be subject to temperatures that are less than the freezing temperature of water, for
example, less than 0 °C. After § °C is reached, the temperature can be reduced further over time.
For example, the temperature 18 reduced by a few degrecs then maintained at the lower
temperature for a period of time, and then reduced again until the lowest desired teraperature is
reached, for example, a teroperature from € °C to -5 °C, where the sample 18 held for a period of
time (for exarople, | mimite to 30 moimutes). The frozen gel moay be subjected to a drying step to
produce the dry rigid foam. The dry rigid foam is composed of about 90 wi% or more of

~
Fa
H

derivatized polyanionic polysaccharide with the balance being water. In one aspect of the
b

mvention, the frozen gel is subjected to drymg under vacuum at a temperature of § °C. For
example, the frozen gel can be placed under a vacuum of £.005 o to aboat 0.2 torr at -40 °C
and the teraperature is raised over a peried of time to room temperature. In some aspects of the

nvention, the freezing and drytng may be performed as one process, for example, as a
Iyophilization process. Without wishing to be bound by theory, it is believed that freezing the
thixotropic hydrogel transforms water in the hydrogel to ice and the ice sublimates from the gel
when dried under veduced pressure and temperatures below 0 °C. Sublimation of the ice
preserves and/or opens the three dimensional stracture of the gel into a dry rigid foam structure
having an open-cell stracture. In another aspect of the invention, the dried and/or frozen gel is
treated with 95 to 100 wt% ethanol at a temperature of -5 °C to 25 °C, or from -5 °C to 13 °C

until substantially all of the water i3 removed from the frozen and/or dried foam.

[0066] The resulting dry rigid porous foam can be made resithient by exposing the dry rigid
foam to water {(for example, water vapor) for at Jeast 30 hours. Exposing the dry rigid foam to
water vapor allows the water io be slowly absorbed through the bulk of the foam, which provides
uniform resilience throughout the foam.  As a non-limiting example, the foam can be exposed to

air at a relative humidity of about 40 to 100%, or from 50 to 80% for about 30 to 48 hours. The
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resilient foam may absorb up to 60 wt.%, or from 20 to 60 wit.%, 25 to 50 wt.%, or 30 toc 40 wi%
of water with the balance being derivatized polyanionic polysaccharide. For example, the
regilient foam may be composed of 80 wi.% of derivatized polyamonic polysaccharide and 20
wt.% water, 7S wt.% derivatized polyanionic polysaccharide and 25 wit.% water, or 60 wt.%
derivatized polyanionic polysaccharide and 40 wt.% water. The resilient foam may be sterilized
pefore or after exposing the foam to water. For example, the dry rigid foam may be sterilized

under ethylene oxide conditions prior to exposing the foam o water vapor to make it resilient.

6061} The resibient foam can be contacted with an aqueous composition (for example, water,
blood, saline, nasal mucus, and wound exudate} to form a thixotropic hydrogel. For example, the
resilient foam can be ireated contacted water over a period of time, for example, 2, 3, or 11 day.
Without wishing to be bound by theory, it is believed that the water peneirates the cellulose
structure via the open-cell causing the {oam to lose its rigidity and form a thixotropic hydrogel
A rate of thixotropic hydrogel formation can be varied, for example, by allering the amount of

fluid (for example, saline) contacied with the resilient foam. The thixotropic hydrogel may be

applied to a wound or tissue as a packing or a moist dressing.

D, Use of the Resilient Foam

18662} The resilient foarn may be used i surgical procedures, treatment of epistaxis,
treatment of wounds, or any combination thereof In general, the time period required for

effective weatment can vary according to the type of surgery, bleeding, the type of tissucs
nvolved, and/ot infury involved. The resilicnt foam can contour to the body cavity or wound as
required, and provide mechanical/chemical hemostasis, control cpistaxis, provide mechanical
resilience, prevent adhesion, and minimize swelling and edema. Generally, if the resilient foam
is used to scparaic fissuc, the tissues should remain separated for at least 48 howurs, and
preferably, for a period of at least 2 fo 7 days. As the resilicnt foam is contacted with au aquecus
composition {{or example, blood, saline, nasal mucus, and wound exudate), it will {orm a
thixotropic hydrogel. A rate of thixotropic hydrogel formation can be varied, for example, by
altering the amount of fluid {for example, saline} contacted with the resilient foam. The resilient
foamn compositions of the mvention can be especially useful in preventing adhesion between
tissues folowing nasal and smus surgery and in the treatment of epistaxis. The resilient foam
compositions of the invention can also be used for other types of surgery or wound treatment.
Depending oun the particular surgery or wound treatment for which the resilient foam corposition
is used for, the resilient foam composition may be provided in any desired size and shape suitable

1o optimize its use.
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13863} Resilient foams of the present invention can further be used for drog delivery. For
exarople, resibent foam compositions confaining water-insohuble or pardally water soluble
polyvanionic polysaccharides can be usefud for sustained release drug delivery. The drug to be
delivered can be dispersed within the composition, or can be covalently bonded to the resilient
foam; and the resilient foam can then be implanted at the locus where delivery is desired. In some
aspects of the mvention, the thixotropic hydrogel may be applied to a nasal cavity to control

epistaxis, bleeding, and/or provide a moist dressing,
Exampies

[G064] The present fnvention will be described i greater detail by way of specific examples.
The following examples are offered for illustrative purposes only, and are not intended to hmit
the mvention in any manner. Those of skill in the art will readily recognize a variety of

noncrifical parameters which can be changed or modified to yicld essentially the same resulis.

Example §

{Preparation of a resilient foam and thixetropic bydrogel)

1665} The resilient foam can be prepared as outlined in the flow chart of shown in FIG. 8.
In step B84, rayon was converted to carboxymethyl cellulose knit. The carboxyroethyl cellulose
knit was dissolved i water to form a gel having about 7 wi.% of carboxymethyl cclulose with
the balance being water {Step 882). The gel was cast into a mold shaped and sized for usc as a
nasal stent (Step 884). The mold was subject 1o freeze drying conditions (Step 886) to form the
rigid foam as depicted o FIG. 3. The rigid foam in Step 886 was subjected to water vapor to

form the resilient foam (Step 808) depicied in FEGS. 4A and 4B.

22 .
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CLAIMS
i. A resilient foam comprising:
{a) a derivatized polyamonic polysacchande; and
{b} an open-cell structure,
wherein the resilient foam, when contacted with water, is capable of {orming & thixotropic
hydrogel.

2. The resilient foam of claim I, wherein the derivatized polyanionic polysaccharide has a
degree of substitution of less than (1.6 derivatives per monomer unit,

3. The resilient foam of claim 1, wherein the derivatized polyanionic peolysaccharide is
dissolvable.

4, The resilient foam of claim 1, wherein the derivatized polyanionic polysaccharide is
carboxymethyl cellulose, cethulose cthyl sulfonate, carboxymethyl amylose, chondroitin-
H-sulfate, chondroitin-4-suifate, dermatan sulfate, alginate, heparin, or heparin sulfate, or
any combination thereof.

5. The resibient foam of claim 4, wherein the derivatized polyanionic polysaccharide is
cellulose ethyl sulionate.

6. The resilient foam of claim 4, wherein the derivatized polyanionic peolysaccharide is
carboxymethyl celhulose.

7. The resilient foam of claim 6, wherein the carboxymethyl cellulose has a non-uniform
distribution of carboxymethyl groups.

8. The resilient foam of claim 6, wherein the carboxymethyl cellulose has a consistent
weight per unit length of polymer.

9. The resibent foam of claim 6, wherein the carboxymethyl cellulose compound has a
raodecular weight of 50 to 400 kilodaltons.

10, The resilient foam of claim 6, wherein the carboxymethyl celluiose is derived from cotton

or cotton Hnters.
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The resilient foam of claim 1, further comprising water, wherein a weight ratio of the

water to the derivatized polyanionic polysaccharide ranges from about 0.04 to about 0.6,

The resilient foam of claim |, further comprising water, wherein an amount of the water
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The resilient foam of claim 1, wherein the vesilient foam comprises 40 wi.% or more of
the derivatized polyanionic polysaccharide.

The resilient foam of claim 1, wherein the resilicnt foam is obtained from a hydrogel
comprising the derivatized polyanionic polysaccharide, wherein the hydro

14

[
W]

gel has a yield
The recilent £

i
i

stress of 200 Pa or more, or ranging from about 200 Pa to about 4000 Pa.

o
=

am of claim 1§, wherein the hydrogel comprises the derivatized
polvanionic polysaccharide in an amount of about 3 to 15 wt.% of the hydrogel

—
~J

The resilient foam of claim 1, wherein the resilient foam is flexible.

The resilient foam of claim 20, wherein the resilient foam is

wi.% or less of water and remain resilient.

[

capable of absorbing 60

The resihent foam of claim 1, wherein the resilient foam is a
foam.

he

non-higuid, non-flowable
The resilient foam of claim 1

wherein the derivatized polyaniomc polysaccharide is not
cross-linked or comprises a minimal amount of cross-linking.
20.

The resilient foam of claim 1, wherein the derivatized polyanionic polysaccharide and/or
26

resilient foam has not been subiccted to cross-Tinking conditions.

The vesilient foam of claim 1, wherein

the resilient
exposed to water vapor.

foam is nou-deliguescent when
22.

A thixotropic hvdrogel comprising:

A
h

{aya derivatized polyanionic polysaccharide having
derivatized groups; and

a non-uniform distribution of
{b} water,

wherein the hydrogel has thixotropic properties.

-4
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23.

24,

26.

NI
e

30

The thixotropic hydrogel of claim 22, wherein the derivatized polyvanionic polysaccharide
is carboxymethyl cellulose, cellulose ethyl sulfonate, carboxyrgethyl aryviose,
chondroitin-6-sulfate, chondroitin-d-sulfate, dermatan sulfate, alginate, heparmn, or

heparin solfate, or any combination thereof.

The thixotropic hydrogel of claim 24, wherein the derivatized polvanionic polysaccharide
o 3 P

is carboxymethyl cellulose.

The thixotropic hydrogel of claim 24, wherein the thixotropic hydrogel has a three-
dimensional siracture, and wherein the water is comprised in the three-dimensional

structure.

The thixotropic hydrogel of claim 24, wherein the thixotropic bydrogel, when contacted

with water, dissolves in the water.

A method of preparing the resilient foars of claim 1, the method comprising:

{(a} obiaining a hydrogel comprising a derivatized polyanionic polysaccharide;

(b} subjecting the hydrogel to conditions sufficient to freeze water comprised in the

hydrogel;

{c} subjecting the hydroge] from step (b) to a drying step sufficient to form an open-cell

foam; and

{(d) contacting the open-cell foan from step (¢} with water o form the resilient foam.

The method of claim 27, wheremn the conditions sufficient to frecze water comprised in
the hydrogel comprises subjecting the hydrogel to a temperature of 0 °C to -5 °C for |

i to 30 mumn.

The method of claim 27, wherein the drying step (b) and the freezing step {¢) comprises
o = 7 L= E\ J

subjecting the hydrogel in step (a) to lyophilization.

The method of claim 29, wherein the open-cell foam m step {d) absorbs a sufficient
amount of water to form the resilient foam, wherein the resilient foam is capable of being
deformed upon application of pressure and returning to its original shape after removal of

3

he prossure.
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