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WATER INSOLUBLE DERIVATIVES OF POLYANIONIC POLYSACCHARIDES
Backaground of the Invention

The present invention relates to biocompatible films
and gels formed from chemically modified polyanionic
polysaccharides.

Hyaluronic acid ("HA") is a naturally occurring
mucopolysaccharide found, for example, in synovial fluid, in
vitreous humor, in blood vessel walls and umbilical cord,
and in other connective tissues. The polysaccharide
consists of alternating N-acetyl-D-glucosamine and D-
glucuronic acid residues joined by alternating 8 1-3
glucuronidic and B 1-4 glucosaminidic bonds, so that the
repeating unit is =(1-4)-f-D-GlcA-(1-3)-B-D-GlcNAc-. In
water, hyaluronic acid dissolves to form a highly viscous
fluid. The molecular weight of hyaluronic acid isolated
from natural sources generally falls within the range of :
5 x 10% up to 1 x 10’ daltons. 4

As used herein the term "HA"™ means hyaluronic acid

T s

and any of its hyaluronate salts, including, for example, i
sodium hyaluronate (the sodium salt), pot.assium hyaluronate,
magnesium hvaluronate, and calcium hyaluronate.

HA, in chemically modified ("derivatized") form, is
useful as a surgical aid, to prevent adhesions or accretions o
of body tissues during the post-operation period. The
derivatized HA gel or film is injected or inserted into the : q
locus between the tissues that are to be kept separate to i
inhibit their mutual adhesion. To be effective the gel must
remain in place and prevent tissue contact for a long enough
time so that when the gel finally disperses and the tissue
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do come into contact, they will no longer have a tendency to
adhere.

Chemically modified HA can also be useful for
controlled release drug delivery. Balazs et al., 1986,
U.S. Patent No. 4,582,865, states that "cross-linked gels of
HA can slow down the release of a low molecular weight
substance dispersed therein but not covalently attached to
the gel macromolecular matrix." R.V. Sparer et al., 1983,

Chapter 6, pages 107-119, in T.J. Roseman et al., Controlled

Release Delivery Systems, Marcel Dekker, Inc., New York,
describes sustained release of chloramphenicol covalently
attached to hyaluronic acid via ester linkage, either
directly or in an ester complex including an alanine bridge
as an intermediate linking group.

I. Danishefsky et al., 1971, Carbohydrate kes.,
Vol. 16, pages 199-205, describes modifying a
mucopolysaccharide by converting the carboxyl groups of the
mucopolysaccharide into substituted amides by reacting the
mucopolysaccharide with an amino acid ester in the presence
of l1l-ethyl=-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride ("EDC") in aqueous solution. They reacted
glycine methyl ester with a variety of polysaccharides,
including HA. The resulting products are water soluble;
that is, they rapidly disperse in water or in an aqueous
environment such as is encountered between body tissues.

Proposals for rendering HA compositions less water
soluble include cross-linking the HA. R.V. Sparer et al.,
1983, Chapter 6, pages 107-119, in T.J. Roseman et al.,
controlled Release Delivery Systems, Marcel Dekker, Inc.,

New York, describe modifying HA by attaching cysteine

‘residues to the HA via amide bonds and then cross-linking

the cysteine-modified HA by forming disulfide bonds between
the attached cysteine residues. The cysteine-modified HA
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was itself water soluble and became water insoluble only upon
cross-linking by oxidation to the disulfide form.

De Belder et al., PCT Publication No. WO 86/00912,
describe a slowly-degradable gel, for preventing tissue
adhesions following surgery, prepared by cross-linking a
carboxyl-containing polysaccharide with a bi- or
polyfunctional epoxide. Other reactive bi- or polyfunctional
reagents that have been proposed for preparing cross-linked
gels of HA having reduced water solubility include: 1,2,3,4-
diepoxybutane in alkaline medium at 50°C (T.C. Laurent et
al., 1964, Acta Chem. Scand., vol. 18, page 274); divinyl
sulfone in alkaline medium (E.A. Balasz et al., U.S. Patent
No. 4,582,865, (1986); and a variety of other reagents
including formaldehyde, dimethylolurea, dimethylolethylene
urea, ethylene oxide, a polyziridine, and a polyisocyanate
(E.A. Balasz et al., U.K. Patent Application No. 84 20 560
(1984). T. Malson et al., 1986, PCT Publication No. WO
86/00079, describe preparing cross-linked gels of HA for use
as a vitreous humor substitute by reacting Ha with a bi- or
polyfunctional cross-linking reagent such as a di- or
polyfunctional epoxide. T. Malson et al., 1986, EPO 0 193
510, describe preparing a shaped article by vacuum-drying or
compressing a cross-linked HA gel.

Summary of the Invention

In one aspect, the invention features a method for
making a water insoluble biocompatible composition, said
method comprising combining, in an aqueous mixture a
polyanionic polysaccharide which is hyaluronic acid, a
nucleophile, and an activating agent under conditions
sufficient to form said composition.

In another aspect, the invention features a method for
making a water insoluble biocompatible composition, said
method comprising combining, in an aqueous mixture, a
polyanionic polysaccharide, a nucleophile in which only one
electron rich moiety reacts as a rucleophile with the
polyanionic polysaccharide, and an activating agent under
conditions sufficient to form said composition.

950814, p:\oper\dab,21434-92.SPE,3
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In preferred embodiments of this aspect of the
invention, the activating agent which are used include
benzotriazole-1-yloxytris (dimethylamino) phosphonium
hexafluorophosphate, O-benzotriazole-1-yl-N,N,N’,N’-
tetramethyluronium hexafluorophosphate, bromo-
tris(dimethylamino) phosphonium hexafluorophosphate,
hromotris (pyrrolidinyl)phosphoniumhexafluorophosphate or the
corresponding halide salts thereof.

The . preferred concentration of polyanionic
polysaccharide in the reaction is 0.0002 - 0.1M, more
preferably 0.0005 - 0.02M. The preferred pH for carrying out
the reaction is 3.5 to 8.0. The preferred reagent
stoichiometry is at least 0.1 molar equivalents of activating
agent per molar equivalent of polyanionic polysaccharide.

Another aspect of the invention features a method for
making a water insoluble biocompatible composition, said
method comprising combining, in an aqueous mixture, one or
more polyanionic polysaccharides, a modifying compound, a
nucleophile, and an activating agent under conditions
sufficient to form said composition wherein said modifying
compound causes the formation of a new active carbonyl groups
on said polyanionic polysaccharide.

In preferred embodiments of this aspect of the
invention, modifying compounds include, 1-hydroxy-
benzotriazole hydrate, 1-hydroxybenzotriazole monohydrate, N-
hydroxysulfosuccinimide, N-hydroxysuccinimide, 4-nitrophenol, :
2-nitrophenol, 4-nitrothiophenol, 2-nitrothiophenol, j
pentachlorophenol, pentafluorophenol, imidazole, tetrazole, 1
4-dimethylaminopyridine or other related compounds. The
activating agent is preferably a diimide, more preferably a i
carbodiimide, e.g., l-ethyl-3-(3-dimethylamino- &
propyl) carbodiimide and l-ethyl-3-(3-dimethylamino- '
propyl) carbodiimide methiodide.

Also in preferred embodiments of the second aspect of
the invention, the preferred polyanionic polysaccharide is
present in the reaction at a concentration of 0.0002 - 0.1M,
more preferably 0.005 - 0.02M. The preferred pH for

T
it
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carrying out the reaction is 3.5 to 8.0. The preferred
reagent stoichiometry is at least 0.1 molar equivalents of
activating agent per molar equivalent of polyanionic
polysaccharide, and at least 1 molar equivalent of modifying
compound per molar equivalent of activating agent.

Preferred polyanionic polysaccharides for use in the methods
of the invention include hyaluronic acid (HA), carboxymethyl
cellulose (CMC), carboxymethyl amylose (CMA), chondroitin-
6-sulfate, dermatin sulfate, heparin, and heparin sulfate;
HA, CMC, and CMA are particularly preferred. It is also
well understood that two or more polyanionic polysaccharides
may be employed in the methods of the invention.

Also in both aspects of the invention, preferred
nucleophilic compounds which are capable of reacting with
the activated polyanionic polysaccharide include amino acid
amides (preferably leucinamide hydrochloride),
monofunctional amines (preferably 3-amino-l-propanol), amino
acid esters (preferably a methyl ester or a butyl ester,
including t-butyl ester), amino alcohols, amino thiols,
amino phenols, amino cathechols, amino acids, salts of amino
acids, peptides, proteins and other ambident nucleophilic
compounds in which only one electron rich moiety reacts as a
nucleophile with the activated polyanionic polysaccharide.

In yet another aspect, the invention features a
method for preparing a water insoluble composition by
combining a polyanionic polysaccharide and an activating
agent under conditions sufficient to form the compostition.

Preferred polyanionic polysaccharides according to
this aspect of the invention include hyaluronic acid (HA),
carboxymethylcellulose (CMC), carboxymethylamylose
(CMA), chondroitin-6-sulfate, dermatin sulfate, heparin, and
heparin sulfate; HA, CMC, and CMA are particularly
preferred.



2 rm'

e o T e HADA ey

WO 92/20349 PCT/US92/04212

10

15

20

25

30

-6 -

The preferred pH for carrying out the reaction is
3.5 to 8.0, more preferably 4.C to 5.1 and most preferably
4.7 to 5.1. The preferred concentration for the
polysaccharide is 0.005 - 0.1M, more preferably 0.01 -
0.02M. The molar ratio of polysaccharide to activating
agent is preferably at least 1:1, more preferably about 1:4.
The preferred activating agent is a carbodiimide, e.g., 1-
ethyl=-3-(3-dimethylaminopropyl)carbodiimide and 1-ethyl-3-
(3-dimethylaminopropyl)carbodiimide methiodide.

The term "aqueous mixture", as used herein,
generally refers to a solution composed primarily of water,
but which may also comprise as much as 1 part in 20 of a
polar aprotic solvent. Preferred aprotic solvents include
acetonitrile, dimethylformamide, hexamethylphosphoramide,
dimethylacetamide, N-methylpyrrolidinone, 1,4-dioxane, and
acetone. i

A "polyanionic polysaccharide" is a polysaccharide
containing more than one negatively charged group, e.g., i
carboxyl groups at pH values above about pH 4.0.

The terms "mole or molar concentration(M)" of f
polyanionic polysaccharides, as used herein, refer to moles |
of the repeating monomeric unit contained within the i
polymer.

A polyanionic polysaccharide is said to be
"activated", as that term is used herein, when it is treated i
in an aqueous mixture in a manner that renders the carboxyl w
groups on the polyanionic polysaccharide vulnerable to
nucleophilic attack; and an "activating agent" is a i
substance that, in an aqueous mixture including a ‘
polyanionic polysaccharide, causes the polyanionic !
polysaccharide to become so activated.

A "modifying" compound is defined as a reagent
which, in the presence of an activated polyanionic
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polysaccharide, reacts with the activated carboxyl moiety of
the polyanionic polysaccharide to form a new activated
species capable of reacting with a nucleophile.

The activated polyanionic polysaccharides which
comprise the water insoluble compositions produced by the
method of the invention may be in the form of a gel, or in
the form of fibers. Blends may also be prepared by mixing
various amounts of two or more different activated-
polyanionic polysaccharides. Preferably, blends consist of
activated-HA and activated-CMC, or activated-HA and
activated-CMA.

The compositions and blends of the invention may be
provided in the form of an adhesion prevention composition,
e.g., in the form of a film, foam, or composition suitable
for incorporation in a syringe. They may also include a
pharmaceutically active substance dispersed throughout
making them useful as a drug delivery system. Suitable
substances include proteins, growth factors, enzymes, drugs,
biopolymers, and biologically compatible synthetic polymers.

The term "film", as used herein, means a substance
formed by compressing a gel or fibers, or by allowing or
causing a gel or fibers to dehydrate. Any gel or fibers of
the invention may be formed into such a film.

The term "foam", as used herein, means a substance
formed by introducing gas bubbles into the gels or fibers of
the invention.

A "biocompatible" substance, as the term is used
herein, is one that has no medically unacceptable toxic or
injurious effects on biological function.

We have discovered that a gel, foam, or film
produced by treating a polyanionic polysaccharide with a
suitable activating agent, may be made having decreased
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water solubility, without the use of any separately added
bi- or polyfunctional cross-linking agent.
A "“water solubkle" gel, or film, as that term is
used herein, is one which, formed by drying an aqueous
5 solution of 1% weight/weight ("w/w") sodium hyaluronate in
water, having dimensions 3 cm x 3 cm x 0.3 mm, when placed
in a beaker of 50 ml of distilled water at 20¢C. and allowed
to stand without stirring, loses its structural integrity as
a film after 3 minutes, and becomes totally dispersed within
10 20 minutes. A "water insoluble" film of the invention, as
that phrase and like terms are used herein, formed using a
1% aqueous solution of a polyarionic polysaccharide,
modified according to the invention, having the same
dimensions and similarly allowed to stand without stirring
15 in a beaker of 50 ml of distilled water at 20°C., is
structurally intact after 20 minutes; the film boundaries ;
and edges are still present after 24 hours, although the
film is swollen. {

Because the gels and films are water insoluble,

20 they can be thoroughly washed with water before use to 1

remove unreacted substances. ‘

Gels, foams, and films of the invention can also be iy

prepared in colored form, by including a dye or stain in the
reaction mixture. Such colored films and gels can be more

25 easily seen when in place or during placement, making them ,

easier to handle during surgical procedures than colorless f

ones. /

The films, gels, and foams of the invention retain _ i

their strength even when hydrated. Because they adhere to i

30 biological tissues without the need for sutures, they are

useful as postoperative adhesion prevention membranes. They
can be applied to tissue even in the presence of bleeding.
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Other features and advantages of the invention will
be apparent from the following description of the preferred
embodiments thereof, and from the claims.

Description of the Preferred Embodiments
5 Lysine-Modified HA

The gels, foams, and films of the invention are made

generally as follows. HA is dissolved in water and the pH

of the resulting agqueous mixture is adjusted downward; then
thie dissolved HA is activated by admixing a suitable
10 activating agent, and a suitable lysine ester is admixed
with the activated HA and allowed to stand until the desired
gel has formed. The activating agent and the ester can be
admixed in any sequence.
The preferred method of making the lysine-modified
15 gels and films of the invention will now be described in
more detail. As one skilled in the art will appreciate,
2 gels and films of the invention can be made using protocols
1 that are within the method of the invention yet are }
different in particulars from those described here.

20 A sample of hyaluronic acid or a salt of hvaluronic
acid, such as sodium hyaluronate, is dissolved in water to y
make an aqueous mixture. HA from any of a variety of b
sources can be used. As is well-known, HA can be extracted

from animal tissues or harvested as a product of bacterial

T

25 fermentation. Hyaluronic acid can be produced in commercial
quantities by bioprocess technology, as described for 5
example in PCT Publication No. WO 86/04355. Preferably the J

;jé concentration of HA in this first aqueous mixture is in the f
range between 0.4% and 2.5% weight/weight ("w/w"). ;

30 Subsequent reactions are slower and less effective at .

' significantly lower concentrations, while significantly
higher concentrations are difficult to handle owing to their
high viscosity. :
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The agqueous HA mixture should be acidic, preferably
having a pH between pH 4.0 and pH 5.0, more preferably
between pH 4.3 and pH 4.75. At lower pH values the
preferred activating agent, EDC, is unstable, and at higher
values the reaction rate is diminished. Preferably
hydrochloric acid is added to adjust the pH, although other
known acids can be used.

Oonce the pH of the aqueous HA mixture has been
adjusted, an activating agent is admixed. Preferred
activating agents include carbodiimides, most preferably EDC
(in some references this substance is termed 1-(3-
dimethylaminopropyl)-3-ethyl-carbodiimide or "DEC") or ET
(1-ethyl-3-(3-dimethylaminopropyl)carbodiimide methiodide).

Then a nucleophilic lysine ester is admixed to the
aqueous HA-activating agent mixture. Preferred esters
include methyl, ethyl, or t-butyl esters. The lysine can be
in the form of di-lysine, tri-lysine, or polylysine, or
their hydrochloride salts.

The lysine ester and the activating agent may be
admixed to the pH adjusted HA mixture in any sequence,
either all at once or gradually.

If a colored product is desired, a solution of a dye
or stain such as the blue dye "Brilliant Blue R", also known
as "Coomassie™ Brilliant Blue R-250", distributed as "Serva
Blue" by Serva, can be admixed to the reaction mixture at
this point. The resulting product has a blue color that can
provide a good contrast to the color of body tissues, making
the film or gel easy to see while it is handled during
surgery and once it is in place.

once the reagents (and the stain or dye, if any)
have been admixed, the reaction mixture can be simply
allowed to stand for a time, or it can be continually or
occasionally stirred or agitated.

Sk
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Upon admixing of the reagents the pH rises, and can
be maintained at the desired pH by addition of acid as the
reaction proceeds. We have found, however, that films and
gels with various desired physical properties can be
obtained by simply allowing the pH to rise as the reaction
proceeds. The mode of addition of the reagents,
particularly the EDC and the lysine ester, is not critical,
but the ratios of these reagents to the HA is important. We
have found that the best results are obtained when the ratio
of HA:EDC:Lysine ester ranges from 1:2:1 to 1:4:10. Lower
values typically result in weaker, less insoluble products,
while higher values typically result in stronger, more
insoluble products.

Polyanionic Polysaccharide-Modified HA

Polyanionic polysaccharide-modified HA gels and
films are pr&pared generally by mixing HA (as described
above) with a polyanionic polysaccharide and an activating
agent to form a water-insoluble precipitate. The
precipitate can be cast into thin membranes useful for
postoperative adhesion prevention. It can also be colored
as described above. To increase the strength of films cast !
from the precipitate, the films may be subjected to
dehydrothermal treatment in which they are heated under :
vacuum (about 30 mm Hg) at approximately 105°C for 24 hr. 3

The polysaccharide and HA can be mixed together, :
after which the activating agent is added. Alternatively, ﬁ
the polysaccharide may be reacted with the activating agent,
followed by addition of HA. A third option is to combine '
the HA with the activating agent, followed by addition of :
the polysaccharide. Preferred activating agents are as
described above and include the carbodiimides EDC and ETC.
The reaction is preferably carried out at a pH between 4 and
5. The preferred polysaccharide concentration ranges from
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0.005 to 0.1M, and is more preferably in the range 0.01 to
0.02M. The preferred molar ratio of polysaccharide to
activating agent is at least 1:1, more preferably about 1:4.
Activated Polyanionic Polysaccharides

Polyanionic polysaccharide gels, films, and foams
are prepared generally by mixing at least one polyanionic
polysaccharide (e.g., HA, CMC, CMA) with an activating agent
to form a water-insoluble material. Preferred activating
agents include the carbodiimides, LDC and ETC. The reaction
may be carried out at a pH between 3.5 and 8, with optimal
reaction conditions occurring between pH 4.7 and 5.1. The
polysaccharide molecular weight used in the reaction may
range from 9.0 x 10% to 3.0 x 10° daltons, but preferably is
between 2.5 x 10° to 1.0 x 10° daltons. The preferred molar
ratio of polysaccharide to activating agent is at least 1:1,
and more preferably about 1:4. The insoluble material
formed by this method may be in the form of a gel or in the
form of fibers and can be used directly for adhesion
prevention or drug delivery, or can be cast onto flat molds
and either air dried or lyophilized to yield thin films or
foams.

In addition, blends can be prepared by mixing
various amounts of different unpurified or purified
activated-polyanionic polysaccharides. These blends are
made homogeneous by mixing with overhead stirrers and/or
high shear mixers. Unreacted activating agent may be
removed from the unpurified mixture by molecular weight
sizing, dialysis, dialfiltration or fractional precipitation
with a water-soluble solvent, according to standard methods,
prior to use. The purified mixture can be used directly for
adhesion prevention and/or drug delivery, or may be cast

[N S
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onto flat molds and either air dried or lyophilized to form
films or foams.
Bop reagent-activated Polyanionic Polysaccharides

Polyanionic polysaccharide water-insoluble gels,
films, and foams are also prepared generally by dissolving
at least one polyanionic polysaccharide (e.g. HA, CMC, CMA)
in an aqueous mixture; activating the polyanionic
polysaccharide with an activating agent such as
benzotriazole-l-yloxytris(dimethylamino)phosphonium
hexafluorophosphate (Bop-reagent); and reacting the
activated polyanionic polysaccharide with a suitable
nucleophile to form the desired insoluble composition.

The reaction may be carried out at a pH between 3.5
and 8, with cptimal reacticn conditions between pH 4.6 and
5.0. The molecular weight of the polyanionic polysaccharide
used in the reaction may range from 6.0 x 102 to 4 x 10°
daltons, but preferably greater than 5 x 10° daltons. The
preferred reagent stoichiometry is at least 0.1 molar
equivalents of activating agent per molar equivalent of
polyanionic polysaccharide, and at least 1 molar equivalent
of nucleophile per molar ecquivalent of polyanionic
polysaccharide.

One major unexpected advantage of the BOP activation
of polyanionic polysaccharide is that the molecular weight
of the polyanionic polysaccharide is not decreased upon
coupling to the nucleophile. This result is in contrast to
reactions involving carbodiimides solely, in which we
observe a decrease in EA molecular weight upon nucleophilic
coupling.

A non-obvious aspect of this invention is that
organic soluble activating agents, described previously for
use only in organic solvents, are able to effect, in an
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agueous milieu, chemical coupling of a nucleophile with the
water-soluble polyanionic polysaccharides. This observation
presents a significant additional unexpected advantage in
that any unreacted activators can be removed from the water-
insoluble product simply by extracting the reaction solution
with any appropriate water-immiscible, organic solvent.
Examples of such solvents may include diethyl ether,
methylene chloride, chloroform, ethyl acetate, or
tetrahydrofuran.

Modified Carbodiimide-activated Polyanionic Polysaccharides

Polyanionic polysaccharide water-insoluble gels,
films, and foams are prepared generally by dissolving at
least one polyanionic polysaccharide (e.g., HA, CMC, CMA),
in an aqueous mixture; activating th: polyanionic
polysaccharide with an activating agent such as a diimide,

e.g. EDC or ETC; modifying the activated polyanionic

polysaccharide with a modifying compound such as

l1-hydroxybenzotriazole hydrate (HOBt),

l1-hydroxybenzotriazole monohydrate or one of the other i
compounds described above; and reacting the activated |
polyanionic polysaccharide with a suitable nucleophile to
form the desired insoluble composition.

The molecular weight range of the polyanionic
polysaccharide used in the reaction may be 6.0 x 102 to 4.0
x 10° daltons, but preferably is greater than 5.0 x 10°
daltons. The preferred reagent stoichiometry is at least ﬁ
0.1 molar equivalents of a activating compound per molar ﬁ
equivalent of polyanionic polysaccharide, and more I
preferably at least 1:1. The preferred reagent f
stoichiometry also encompasses at least one molar equivalent
of modifying compound per molar equivalant of activating
agent. The reaction with the activating agent may be b
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carried out at a pH between 3.5 and 8, with optimal reaction
conditions occurring between 4.0 and 4.8. The modification
of the polyanionic polysaccharide with the modifying
compound is carried out at a pH between 3.0 and 8.0, with
optimal modification conditions occurring between pH 3.3 and
4.5.

In the case where the activating agent used is a
diimide, the modifying compound reacts with the intermediate
O-acylisourea to form a new active carbonyl group capable of
being transferred to a nucleophile.

It is our discovery that organic soluble modifying
reagents, which display low solubility in water, can effect
the coupling of polyanionic polysaccharides to nucleophiles
in an aqueous mixture. A significant unexpected advantage
of this solubility difference between modifier and
polyanionic polysaccharide is that the insoluble product can
be purified by extraction with a suitable, water-immiscible
organic solvent such as chloroform, methylene chloride, ¥
ethyl acetate, or diethyl ether, or by alcohol precipitation
and trituration.

An additional unexpected advantage imparted by a [
coupling of nucleophiles to a modified, activated
polyanionic polysaccharide is that the reaction can be
carried out under acidic conditions which provides control i
of the specificity in reactions with ambident nucleophilic
compou:lds (e.g., amino alcohols, amino acids, amino thiols, ﬁ
amino phenols, amino catechols, peptides, and proteins) so ’
that only one of potentially several electron rich moieties i
are capable of reacting as a nucleophile with the activated . !
polyanionic polysaccharide.

Films and Gels

Polyanionic polysaccharides modified according to

the above descriptions can be cast as films in a
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straightforward manner. Typically the reaction mixture is
poured into a vessel having the desired size and shape and
allowed to air dry. In general films formed by drying
mixtures poured thickly, so that they have a lower surface
area/volume, possess greater strength than films formed by
drying thinner, higher surface area/volume mixtures.

Alternatively a film can be formed by compressing a
gel under conditions that permit escape of water, as, for
example, by compressing the gel between two surfaces, at
least one of which is porous, as described, for example, in
EPO 0 193 510.

If desired, a gel or film can be washed prior to use
by, for example, perfusion with water or 1 M aqueous scdium
chloride. Alternatively the reaction mixture can be
dialyzed to remove residual reagents prior to casting as a
film. Washing to remove residual reagents or reagent-
derived material such as substituted ureas is desirable if
the film or gel is to be used for therapeutic applications.
Gels or films colored blue with Brilliant Blue R as
described above do not lose their coloration during such
washing. The removal of reagents or reaction products can
be monitored by high pressure liquid chromatography.

Detailed Description of the Invention

The invention is described in more detail in the
following examples. These examples are given by way of
illustration and are not intended to limit the invention
except as set forth in the claims.

Example 1: In this example hydrogels were prepared
using EDC as an activating agent and leucine methyl ester
hydrochloride as a nucleophile.

Sodium hyaluronate (400 mg; 1.0 mmol of carboxyl
groups) having a molecular weight between 1 x 10% and 2 x
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10 ml of distilled water. The pH of
was adjusted to pH 4.75 by addition of
mg of EDC (1.64 mmol) was added all at
mg (1.05 mmol) of L-leucine methyl

The pH of the reaction mixture then

rose to 6.2 over two hours. The reaction mixture was kept

at room temperature for five hours, after whichk time it had
formed a thick insoluble hydrogel. This hydrogel could be
washed with a 1 M NaCl solution to remove residual reagents
without loss of its physical properties.

In this example various EDC/leucine:HA

ratios were used for comparison of gel formation and

The procedure was as in Example 1, using sodium
hyaluronate (400 mg; 1.0 mmol of carboxyl groups) in 15 ml
In separate experiments the following quantities
of EDC and leucine methyl ester hydrochloride were then
added: 153 mg EDC (0.8 mmol) /182 mg leucine methyl ester
hydrochloride (1.0 mmol); 76 mg EDC (0.4 mmol) /90 mg leucine
methyl ester hydrochloride (0.5 mmol); and 38 mg EDC (0.2
mmol) /45 mg leucine methyl ester hydrochloride (0.25
mmol) . Strong hydrogels were obtained as in example 1 for
the highest ratio of EDC and leucine methyl ester
At the lowest ratio of reactants (0.2
mmol/0.25 mmol to 1.0 mmol HA carboxyl groups) a weak gel
was obtained, which collapsed to a fluid after two weeks.
In this example the HA concentration was
reduced by one-half for comparison of resulting gel

10
Example 2:
properties.
15
of water.
20
hydrochloride.
25
Example 3:
properties.
30

The procedure was as in example 1 except the HA (400
mg; 1.0 mmol of carboxyl groups) was dissolved in 30 ml of

water rather than 15 ml (1-1/3% w/w HA). A hydrogel was
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formed, although it was weaker than that obtained in Example
1.

Example 4: 1In this example films were prepared
using EDC as an activating agent and leucine methyl ester
hydrochloride as a nucleophile.

Sodium hyaluronate (400 mg; 1.0 mmol of carboxyl
groups) was dissolved in 40 ml of distilled water. The pH
of the solution was adjusted to pH 4.75 by addition of 0.1 N
HCl. Then EDC (314 mg; 1.64 mmol) was added in a single
portion, followed by 190 mg (1.05 mmol) of L-leucine methyl
ester hydrochloride. The pH of the reaction mixture rose to
6.2 during two hours, after which time the solution was
poured into a petri dish of area 6360 mmz, and allowed to
dry to a fllm over a two day period. Films produced in this
manner were strong and insoluble in water and 1 M aqueous
NaCl. The films could be washed with water or aqueous NaCl
as in Example 1 to remove residual reagents without loss of
their physical properties. Infrared spectroscopic analysis
of such films showed no carbodiimide absorption at about
2130 cm”! and displayed absorptions at about 1740 cm™!, 1700
em™!, 1650 cm™!, and 1550 cm™l.

Example 5: In this example various HA
concentrations were used in making films for comparison of
resulting film properties.

The procedure described in example 4 was repeated,
using three different initial HA concentrations made by
dissolving the HA (400 mg; 1.0 mmol of carboxyl groups) in
30 ml, 40 ml, or 100 ml of distilled water. Films produced
using each of these initial concentrations of HA were strong
and insoluble in water and 1 M aqueous NaCl, showing that a
range of concentrations of HA can be used. Each of these
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films could be washed with water or aqueous NaCl without
loss of its physical properties.

Example 6: This example illustrates the effect of
dialyzing the reaction mixture prior to casting to form a
film, as compared with washing the film after forming it.

Sodium hyaluronate (400 mg in 40 ml of water), EDC
(314 mg; 1.64 mmol) and L-leucine methyl ester hydrochloride
(190 mg; 1.05 mmol) were allowed to react as in Example 4.
Upon completion of reaction (2 hours) the reaction mixture
was dialyzed against water, through 12,000 NMW cutoff
dialysis tubing in order to remove residual reagents. The
dialyzed mixture was then cast as a film as in Example 4.
The film so obtained was strong and insoluble in water or 1
M agqueous NacCl.

Example 7: In this example films were formed by
drying more thickly poured reaction mixtures, to compare the
properties of films produced from drying mixtures at
differing surface area/volume.

A reaction mixture obtained as in Example 4 (40 ml
reaction volume) was cast into a small petri dish (area 3330
mmz). The film so obtained was insoluble in 1 M aqueous
NaCl and in water (100°C; 1 hour).

Example 8: In this example films were prepared
using other amino acid esters and HA activated with EDC.

A solution of HA (400 mg in 40 ml of H,0) was
brought to pH 4.7 using 0.1 N HCl. Then EDC (314 mg; 1.6
mmol) was added all at once followed by 1 mmol of the amino
acid derivative. The reaction mixture was poured into a
petri dish and allowed to dry. Insoluble films were
obtained from L-valine methyl ester hydrochloride, L-
isoleucine methyl ester hydrochloride, L-proline methyl

2 ) smpep—— -
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ester hydrochloride, and L-phenylalanine methyl ester
hydrochloride.

Example 9: In this example films were prepared
using a simple primary amine (aniline) as a nucleophile.

A solution of HA (400 mg in 40 ml of H,0) was
brought to pH 4.7 using 0.1 N HCl. Then EDC (314 mg; 1.6
mmol) was added all at once followed by 1 mmol of aniline.
The reaction mixture was poured into a petri dish and
allowed to dry, and insoluble films were obtained.

Example 10: In this example films were prepared
using other esters of leucine.

A solution of HA (400 mg in 40 ml of H,0) was
brought to pH 4.7 using 0.1 N HCl. Then EDC (314 mg; 1.6
mmol) was added all at once followed by 1 mmol of the

leucine ester. The reaction mixture was poured into a petri
dish and allowed to dry. 1Insoluble films were obtained from

beoth L-leucine ethyl ester hydrochloride and L-leucine t-
butyl ester hydrochloride.

Example 11: In this example gels were prepared
using other amino acid methyl esters.

A solution of HA (400 mg in 15 ml of H,0) was
brought to pH 4.7 and EDC (314 mg; 1.6 mmol) was added,
followed by the amino acid derivative (1 mmol). The
reaction mixture formed a thick gel within from 5 to 24
hours. Water insoluble gels were obtained using L-valine
methyl ester hydrochloride, L-isoleucine methyl ester
hydrochloride, L-arginine methyl ester hydrochloride, L-
proline methyl ester hydrochloride, and L-histidine methyl
ester hydrochloride.

Example 12: 1In this example films were prepared
using an amino acid amide (leucinamide) as a nucleophile.

PCT/US92/04212
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A solution of HA (400 mg in 40 ml of H,0) was
brought to pH 4.7 using 0.1 N HCl. Then EDC (314 mg; 1.6
mmol) was added all at once followed by 1 mmol of L-
leucinamide hydrochloride. The reaction mixture was poured
into a petri dish and allowed to dry. and insoluble films
were obtained.

Example 13: In this example gels were prepared
using leucine ethyl ester hydrochloride.

A solution of HA (400 mg in 15 ml of H,0) was
brought to pH 4.7 and EDC (314 mg; 1.6 mmol) was added,
followed by leucine ethyl ester hydrochloride (1.0 mmol).
The mixture formed a thick, water insoluble gel within from
5 to 24 hours.

Example 14: In this example films and gels were
prepared using ETC as the HA activating agent.

Sodium hyaluronate (400 mg, 1.0 mmol of carboxyl
groups) having a molecular weight in the range between 1 x
10% and 2 x 10° daltons was dissolved in water (10 ml and 30
ml). The pH of each aqueous solution was adjusted to pH
4.75 by addition of 0.1 N HCl. Then 475 mg of ETC (1.6
mmol) was added all at once, followed by 190 mg (1.05 mmol)
of L-leucine methyl ester hydrochloride. The pH of this
reaction mixture rose to pH 6.2 over the next 2 hours. The

reaction mixture containing 10 ml of water formed an

insoluble gel. The reaction mixture containing 30 ml of
water gave an insoluble film after drying.

Example 15: This example illustrates the
preparation of a colored film.

A solution of HA (400 mg in 30 ml of H,0) was
brought to pH 4.75 as in example 13 and then ETC (475 mg;
1.6 mmol) and leucine methyl ester hydrochloride (190 mg;
1.05 mmol) were added. A dilute solution of "Serva Blue" (5
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mg/ml) dye in H,0 (0.5 ml) was then added to the reaction
mixture. The resulting mixture was poured into a Petri dish
and a water insoluble blue film was obtained after 16

hours. The blue color was retained by the film when the
film was washed with 1 M NaCl and then with H,0.

Example 16: This example illustrates the tissue
biocompatibility of a film of chemically modified HA.

Four strips of films prepared according to the
procedure described in Example 4, and two USP negative
control strips were surgically implanted into the
paravertebral muscle of White New Zealand rabbits (two per
test). The test sites were evaluated either macroscopically
after 72 hours or with complete histopathology after 7
days. In accordance with the USP XXI, p. 1237, the test
material met the requirements of the USP Implantation Test
for the Evaluation of Plastic Materials.

Example 17: This example illustrates the
preparation of lysine-modified HA.

% 0.4%(w/w) solution of HA in water was prepared.
The pH of this solution was adjusted to between 4.3 and 4.75
by addition of acid. To each 100 ml of this solution was
added 0.76 g of EDC with stirring until the EDC had B
completely dissolved. To each 100 ml of the HA/EDC solution
was added 0.20 g of lysine methyl ester (LME) with stirring L
until the LME had completely dissolved. The addition of HA,
EDC, and LME was conducted at rocm temperature; once the J
final HA/EDC/LME solution had been formed, it was stored at
4°C until needed. !

The LME-modified HA material can be processed into ql
various shapes, sizes, and consistencies depending on the
end application. If a thin sheet of the material is
desired, the mixture can be poured onto a flat surface.
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This material can then be turned into a solid by allowing
the water to evaporate under ambient or elevated
temperatures. An alternative method of producing sheets of
the material is to subject it to freeze drying. The pore
size of the final product can be controlled by adjusting the
initial freezing temperature. Curved surfaces and other
shapes can be produced in a similar manner by initially
casting the gel onto a negative image surface and then
processing as described. The dried sheet can be processed
further, if desired, by pressing to a defined thickness in a
Carver laboratory press. This is particularly useful for
applications requiring placing a thin film between
anatomical structures where space is limited.

Mechanical testing of the freeze-dried material,
rehydrated in normal saline, resulted in force to break
values of 170 - 900 g/cmz. The elongation to break values
for this material were between 33 and 62%.

Example 18: This example illustrates the
preparation of CMC-modified HA.

HA (0.4% w/w, 0.01M) and Aqualon-type CMC having a
molecular weight of 250,000 and a degree of substitution in
the range 0.65 to 0.90 (0.19% w/w, 0.01M) were mixed
together in aqueous solution at room temperature. The pH of
the mixture was adjusted to and maintained at pH 4.7 - 4.8
by addition of 1M HCl. To each 100 ml of this solution was
added 0.67 g (0.04M) EDC. During reaction with EDC, the pH
of the solution was maintained at pH 4.7 - 4.8 by addition
of 0.1M HCl and the reaction allowed to proceed for 1 hour,
during which time a precipitate formed. The unreacted EDC
was removed from the precipitate by dialysis against
acidified water (pH 4.0) for 24 hours with 2 dialysate
changes at 3 and 19 hours., The HA/CMC slurry was then cast
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into flat molds and air dried for 24 hours at room
temperature.

HA/CMC membranes were shown to reduce the incidence
of postoperative adhesion formation in experimental animal
models. 1In experiments using the rat cecal abrasion model,
HA/CMC membranes were placed around surgically abraded rat
ceca; previous studies had demonstrated that adhesions
readily formed to the ceca of rats which had been abraded in
controlled fashion. Cecal adhesions in animal groups that
received either HA/CMC membranes or ORC membranes (Interceed
TC7 membranes marketed by Johnson & Johnson for adhesion
prevention) were compared to adhesion controls in animals
whose ceca were abraded but did not receive any membrane:.
The results of these experiments showed that the HA/CMC
membranes consistently reduced adhesion formation compared
to control animalis and to animals that received the
Interceed TC7 filn.

Example 19: This example illustrates the
preparation of EDC-activated HA.

HA (1.0 x 10° daltons) was dissolbed in water to
make a 0.8% w/v solution by stirring overnight at 25°C .

The pH of the reaction mixture was adjusted to pH 4.75 with
0.1N HCl. EDC (4:1 molar ratio of EDC to HA, 1.53% w/v
final concentration) was added to this solution with
continuous stirring and was maintained at a constant pH (4.7
- 5.1) for one hour by adding additional 0.1N HCl. Removal
of the unreacted EDC and other low molecular weight
impurities was performed by either molecular weight sizing,
dialysis, or dialfiltration using standard methods. A
water-insoluble, clear gel was obtained after this process.
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Example 20: This example illustrates the effect of
fractional precipitation of EDC-activated HA with a water
soluble solvent.

The procedure described in example 19 was repeated
with the exception that unreacted EDC and other low
molecular weight impurities were removed by fractional
precipitation using a suitable water-soluble solvent (e.g.,
C;-C, alcohols, acetone). Under these conditions, water
insoluble fibers were produced.

Example 21: This example illustrates the
preparation of EDC activated CMC.

CMC (250 x 103 daltons) was dissolved in water to
make a 0.8% w/v solution by stirring at room ambient
temperature (22-25°C) overnight. The pH of the reaction
mixture was adjusted to pH 4.75 with 0.1N HCi. EDC (4:1
molar ratio of EDC to CMC, 1.53% w/v final concentration)
was added to this solution with constant stirring and the pH
was maintained between 4.70 and 5.10 for one hour by adding
additional 0.1N HCL. Removal of the unreacted EDC and other
low molecular weight impurities was performed by either
molecular weight seizing chromatography, dialiysis,
dialfiltration, or fractional precipitation of the CMC with
a suitable water-soluble solvent (e.g., C,~C; alcohols,
acetone). Water insoluble fibers, approximately 300 - 800
pm long and 10 -20 um wide, are produced from these reaction
conditions.

Example 22: This example illustrates the
preparation of a blend of EDC-activated HA with EDC-
activated CMc.

- EDC-activated HA and CMC were prepared separately as
described in Examples 19 and 21 but each reaction product
was not purified prior to blending. Three hundred ml of the
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activated HA and 300 ml of the activated CMC were placed in
a 1000 ml beaker and blended with a Turrax brand blender at
6000 rpm for 10 minutes at 25°C. This resulted mixture was
purified by dialysis against pH 4.0 water for 24 hours at a
20:1 ratio with 3 dialysate exchanges. After dialysis the
mixture was poured into a flat mold and air dried to a thin
water insoluble film. The quantity of fibers in the mixture
can be controlled by varying the relative amount of
activated CMC and activated HA that are blended togeiher.
Example 23: This example illustrates the coupling
of HA with histidine using HOBt and EDC.
To a solution of sodium hyaluronate (200 mg, 0.5
mmoles, MW 1,700,000) and l-histidine (155.2 mg, 1.0 mmole)
in water (40mL) was added 1l-hydroxybenzotriazole hydrate
(HOBt) (67.6 mg, 0.5 mmoles) followed by adjustment of the
PH to 3.35 with 1N HCl. After stirring for one hour,
1-(3~-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride i
(EDC) (154.4 mg, 0.8 mmoles) was added and the pH was i
maintained between 4.0 and 4.8, by the addition of 1N HC1, 1
for two hours. Saturated sodium carbonate was added to
adjust the pH to 7.01 and the product was precipitated by f
the addition of 95% ethanol (= 150 mL). The resulting solid
was collected by vacuum filtration, washed with absolute
ethanol (3 x 20 mL), and dried by lyophilization. The
overall yield of modified polymer was 65%. The material was
used directly without further purification. ,
Example 24: This example illustrates the coupling E
of HA with 3-dimethylaminopropylamine using HOBt and EDC. %
3-Dimethylaminopropylamine (102 mg, 1.0 mmoles) in
water (3 mL) was adjusted to pH 7.0 with 1 N HCl and added
to a solution of sodium hyaluronate (200 mg, 0.5 mmoles,
MW 1,7000,000) in water (40 mL). 1l-Hydroxybenzotriazole
hydrate (HOBt) (67.6 mg, 0.5 mmoles) was added and the pH
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adjusted to 3.35 with 1N HCl. After stirring for one hour,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride
(EDC) (i54.4 mg, 0.8 mmoles) was added and the pH maintained
at 4.6 for 50 min. by the addition of 1N HCl and/or 10% w/v
sodium carbonate. Saturated sodium carbonate was then added
to adjust the pH to 7.0 and half of the product was purified
by either the ultrafiltration or ethanol precipitation
methods listed below.

An aliquot (20mL) of the reaction solution was
purified by ultrafiltration (1,000 MWCO) at ambient
temperature against three volume exchanges with water. The
retentate was concentrated to about 12 mL and used without
further purification.

Another aliquot (20 mL) of the reaction solution was
added to 10% w/v aqueous NaCl (5 mL) followed by the
addition of 95% ethanol (® 75 mL). This resulted in the
formation of a precipitate which was collected by vacuum
filtration, washed with absolute ethanol (3 x 20 mL), and
dried by lyophilization. The product was used directly to
prepare a hydrogel without further purification.

Example 25: This example illustrates the coupling
of HA with dihydroxyphenylamine (di-DOFA) using HOBt and
EDC.

To a solution of sodium hyaluronate (200 mg, 0.5
mmoles, MW 2,100,000) and d4,1-DOPA (200 mg, 1.0 mmole) in
water (40 mL) was added l-hydroxy-benzotriazole hydrate
(HOBt) (67.6 mg, 0.5 mmoles) followed by adjustment of the
pH to 4.35 with 1N HCl. After stirring for one hour, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
(154.4 mg, 0.8 mmoles) was added and the pH was maintained
between 4.0 and 4.8 for two hours by the appropriate
addition of either 1N HCl or 10% w/v agqueous sodium
carbonate. Saturated sodium carbonate was added to adjust
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the pH to 7.0 and the product was precipitated by the
addition of 95% ethanol (= 150 mL). The resulting solid was
collected by vacuum filtration, washed with absolute ethanol
(3 x 20 mL), and dried by lyophilization. The material was
used directly to prepare the hydrogel without further
purification. Care should be taken to limit the gels
exposure of the gel to air in order to protect the material
from oxidation.

Example 26: This example illustrates the coupling
of CMC with 3-dimethylaminopropylamine using HOBt and EDC.

3-Dimethlyaminopropylamine (102 mg, 1.0 mmoles) in
water (3 mL) was adjusted to pH 7.0 with 1 N HCl and added
to a solution of CMC (125 mg, 0.5 mmoles, MW 250,000) in
water (20 mL). 1l-Hydroxybenzotriazole hydrate (HOBt) (67.6
mg, 0.5 mmoles) was added and the pH adjusted to 4.0 with 1
N HCl. After stirring for one hour, 1-(3-
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC)
(154.4 mg, 0.8 mmoles) was added and the pH was maintained
at 4.7 for one hour by the addition of 1 N HCl and/or 10%
sodium carbonate. At the end of the reaction, 10% sodium
carbonate was added to adjust the pH to 7.0. The product
was obtained as a white solid after ethanol precipitation.

Example 27: This example illustrates the coupling
of Bop-activated HA with glycine methyl ester.

To a solution of sodium hyaluronate (200 mg, 0.5
mmoles, MW 2,100,000) in water (40 mL) was added
benzotriazole-1-yloxytris(dimethylamino)phosphonium

hexafluorophosphate (Bop) (442.3 mg, 1.0 mmoles) in dimethy-

formamide (1 mL) followed by pH adjustment to 4.6 with 1 N
HCl. After stirring for 15 min., glycine methyl ester
hydrochloride (126 mg, 1.0 mmoles) was added and the
reaction mixture was allowed to stir at ambient temperature
for 40 hr. The reaction mixture was transferred to a
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separatory funnel and extracted with methylene chloride (3 X
50 mL). The aqueous layer was removed and the product was
precipitated with 95% ethanol and collected by vacuum
filtration. The solid was washed with a small quantity of
absolute ethanol and air dried. This material was used to
prepare the hydrogel directly without further purification.

Example 28: This example illustrates the coupling
of Bop-activated HA with 3-amino-l-propanol.

To a sodium hyaluronate (200 mg, 0.5 mmoles,

MW 1,700,000) solution in water (20 mL) was added
benzotriazole-1-yloxytris(dimethylamino)phosphonium-
hexafluorophosphate (442.3 mg, 1.0 mmoles). After 15 min,
3-amino-l-propanol (45.1 mg, 0.6 mmoles) was added with
dimethylformamide (3 mL) and the pH of the reaction mixture
was adjusted to 4.8 with 1.0 N HCl. After stirring
overnight at ambient temperature, the pH of this reaction
mixture was adjusted to = 7.0 with saturated sodium
carbonate and the reaction mixture was extracted with
methylene chloride (3 X 50 mL). The agqueous phase was
separated and 95% ethanol (= 100 mL) was added to
precipitate the product. The solid was collected by vacuum
filtration, washed with absolute ethanol (3 X 20 mL), an
dried under reduced pressure with a yield of 60%. The
material was used directly to prepare the hydrogel without
further purification.

Example 29: This example illustrates the formation
of a hydrogel using the reactions products of examples 23
through 28.

A solid portion of any of the reaction products of
examples 23 through 28 (20 mg) was added to a 0.9% w/v
sodium chloride solution (20 mL), and the mixture was
allowed to stand overnight at ambient temperature. After
this time period, a clear, colorless hydrogel formed which
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was isolated by decanting the remaining sodium chloride
solution. These resulting gels then were used directly for
physical and in vivo evaluations.

Example 30: This example illustrates the coupling
of HA and CMC with 3-dimethylaminopropylamine using HOBt and
EDC.

To a solution of sodium hyaluronate (4.9g, 10
mmoles, MW 2,300,000) and carboxymethyl cellulose (5.1q,

20 mmoles, MW 250,000) in water (500mL) was added
l1-hydroxybenzotriazole hydrate (4.1g, 30 rmmoles) and
3-dimethylaminopropylamine hydrochloride (4.2g, 30 mmoles)
followed by pH adjustment to 4.60 with 1 N HCl. After all
the chemicals dissolved, 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (8.0g, 40mmoles) was added
and the pH maintained between 4.6 and 5.0 by the addition of
either 1 N HCl1l, or 10% Na,CO,5, for 1 hour. The pH was then
adjusted to 5.0 with 10% Na,CO, and half of the solution was
ethanol precipitated with 4X the reaction volume of ethanol,
washed with additional ethanol, and air dried. The
remaining half was dialyzed (12,000 NMW cutoff dialysis
tubing) against water adjusted to pH 4.75 (20X volumes) for
24 hrs.

Use

The films, foams, or gels of the invention can be
used as a surgical aid, to prevent adhesions or accretions
of body tissues during a post-operation or healing period,
following procedures known in the surgical arts, as
described, for example, in DeBelder et al., PCT Publication
No. WO 86/00912. During surgery one or more pieces of the
gel or film, as appropriate, are inserted or injected
between or among the tissues that are to be kept separate.
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The insoluble materials of the invention can also be
used as surface pacification agents, both covalently and/or
non-covalently attached to biodurable and erodible polymer
surfaces; as sealing agents in anastomotic sites for
catheters, bowel anastomosis, endoscopic surgical procedure,
vascular grafts, and any prosthetic device requiring gluing
together or sealing of potential leakage sites; as a
potentially new biocompatible fiber for processing into
thread, braids, woven and non-woven webs, weaves, and mats,
and sutures for wound closure; sclerosing agents for
varicose vein removal, tumors, and aneurism; artificial
extracellular matrix material for tissue replacement in skin
lacerations and burns.

Films, foams or gels of the invention can further be
used for sustained release drug delivery. The drug to be
delivered can be covalently bonded to the gel or film, as
described, for example, in R.V. Sparer et al., 1983, Chapter
6, pages 107-119, in T.J. Roseman et al., Controlled Release
Delivery Systems, Marcel Dekker, Inc.,'New York; and the gel
or film can then be implanted or injected at the locus where
delivery is desired.

Other Embodiments
Other embodiments are within the following claims.

For example, the scale of the reactions may be increased for
commercial production of the compositions of the invention.
It will also be well understood by those skilled in the art
that varying the ratio of polyanionic polysaccharide to
activating agent will control the degree of
functionalization of the polyanionic polysaccharide.
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Throughout this specification and the claims which

follow, unless the context requires otherwise, the word

"comprise", or variations such as "comprises" or
"comprising", will be understood to imply the inclusion of a
stated integer or group of integers but not the exclusion of

any other integer or group of integers.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for making a water insoluble biocompatible
composition, said method comprising combining, in an aqueous
mixture a polyanionic polysaccharide which is hyaluronic
acid, a nucleophile, and an activating agent under conditions

sufficient to form said composition.

2. A method for making a water insoluble biocompatible
composition, said method comprising combining, in an aqueous
mixture, a polyanionic polysaccharide, a nucleophile in which
only one electron rich moiety reacts as a nucleophile with
the polyanionic polysaccharide, and an activating agent under
conditions sufficient to form said composition.

3. The method of Claim 2 wherein two or more polyanionic

polysaccharides are employed.

4. The method of Claim 2 or Claim 3 wherein said
polyanionic polysaccharides are chosen from the group
consisting of carboxymethyl cellulose, carboxymethyl amylose,
hyaluronic acid, chondroitin-6-sulfate, dermatin sulfate,
heparin, and heparin sulfate.

5. The method of any one of Claims 2 to 4 wherein said
polyanionic polysaccharide is hyaluronic acid.

6. The method of any one of Claims 2 to 4 wherein said

polyanionic polysaccharide is carboxymethyl cellulose.

7. The method of any one of Claims 2 to 4 wherein said
polyanionic polysaccharide is carboxymethyl amylose.

8. The method of Claim 3 wherein two of said polyanionic
polysaccharides are hyaluronic acid and carboxymethyl
cellulose.

950814,p:\oper\dab,21434-92.SPE, 32
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9. The method of any one of the preceding claims wherein
said activating agent is chosen from the group consisting of
benzotriazole-1-yloxytris(dimethylamino)phosphonium
O-benzotriazole-1-yl-N,N,N’,N’-

hexafluorophosphate,

hexafluorophosphate,

tetramethyluronium
bromotris (dimethylamino)phosphonium hexafluorophosphate,
bromotris (pyrrolidinyl)phosphonium hexafluorophosphate and

the corresponding halide salts thereof.

10. The method of any one of the preceding claims wherein
said polyanionic polysaccharide is present in a concentration
of 0.0002 - 0.1M.

11. The method of Claim 10
polysaccharide is present in a concentration of 0.0005 -
0.02M.

wherein said polyanionic

12, The method of any one of the preceding claims wherein

said method is carried out at a pH 3.5 - 8.0.

13. The method of any one of the preceding claims wherein

the stoichiometry of said activating agent to said
polysaccharide is at least 0.1 molar equivalent of said
activating agent per molar equivalent of said polyanionic

polysaccharide.

14. The method of any one of the preceding claims wherein
said nucleophile is chosen from the group consisting of an
amino acid amide, a monofunctional amine, an amino acid
ester, an amino alcohol, an amino thiol, an amino phenol, an
amino catechol, an amino acid, a salt of an amino acid, a
peptide, and a protein.

15. The method of any one of the preceding claims wherein
the stoichiometry of said polyanionic polysaccharide to said
nucleophile is at least 1 molar equivalent of nucleophile per
molar equivalent of polyanionic polysaccharide.

950814,p:\oper\dab,21434-92.SPE,33
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16.
composition, said method comprising combining, in an aqueous

A method for making a water insoluble biocompatible

mixture, one or more polyanionic polysaccharides, a modifying

compound, a nucleophile, and an activating agent under
conditions sufficient to form said composition wherein said
modifying compound causes the formation of a new active

carbonyl groups on said polyanionic polysaccharide.

17.
polysaccharides are employed.

The method of Claim 16 wherein two or more polyanionic

18. The method of Claim 16 or Claim 17 wherein said

polyanionic polysaccharides are chosen from the group
consisting of carboxymethyl cellulose, carboxymethyl amylose,
dermatin sulfate,

hyaluronic acid, chondroitin-6-sulfate,

heparin, and heparin sulfate.

19.
polyanionic polysaccharide is hyaluronic acid.

The method of any one of Claims 16 to 18 wherein said

20.
polyanionic polysaccharide is carboxymethyl cellulose.

The method of any one of Claims 16 to 18 wherein said

21.
polyanionic polysaccharide is carboxymethyl amylose.

The method of any one of Claims 16 to 18 wherein said

22.
said polyanionic polysaccharides are hyaluronic acid and
carboxyl methyl cellulose.

The method of any one of Claims 17 to 20 wherein two of

23. The method of any one of Claims 16 to 22 wherein said
modifying compound is chosen from the group consisting of 1-
hydrate,
monohydrate, N-hydroxysulfosuccinimide, N-hydroxysuccinimide,
2-nitrophenol, 2-
pentafluorophenol,
imidazole, tetrazole, and 4-dimethylaminopyridine.

hydroxybenzotriazole 1-hydroxybenzotriazole

4-nitrophenol, 4-nitrothiophenol,

nitrothiophenol, pentachlorcphenol,

950814,p:\operidab,21434-92.SPE, 34
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24. The method of any ¢ne of Claims 16 to 23 wherein said

activating agent comprises a carbodiimide.

25. The  method of Claim 24 wherein said carbodiimide
comprises 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide, or
l-ethyl-3- (3-dimethylaminopropyl) carbodiimide methiodide.

26. The method of any one of Claims 16 to 25 wherein said
polyanionic polysaccharide is present in a concentration of
0.0002 - 0.1M.

27. The method of Claim 26 wherein said polyanionic
polysaccharide is present in a concentration of 0.0005 to
0.02M.

28. The method of any one of Claims 16 to 27 wherein said
method is carried out at a pH 3.5 - 8.0.

29. The method of any one of Claims 16 to 28 wherein the
stoichiometry of said polyanionic polysaccharide to said
activating agent is at least 0.1 molar equivalent of said
activating agent per molar equivalent of said polyanionic
polysaccharide.

30. The method of any one of Claims 16 to 29 wherein the
stoichiometry of said modifying agent to said activating
agent is at least 1 molar equivalent of said modifying
compound per molar equivalent of said activating agent.

31. The method of any one of Claims 16 to 30 wherein said
nucleophile is chosen from the group consisting of an amino
acid amide, a monofunctional amine, an amino acid ester, an
amino alcohol, an amino thiol, an amino phenol, an amino
catechol, an amino acid, a salt of an amino acid, a peptide,
and a protein.
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32. A water insoluble composiiion prepared according to the method of any one of Claims
1,2,3,160r 17, ' ‘

33.  The composition of Claim 32 wherein said compositicn is in the form of a gel.

34.  The composition of Claim 32 wherein said composition is in the form of fibers.

35.  The composition of Claim 32 wherein said composition is in the form of a membrane.
36.  The composition of Claim 32 wherein said composition is in the form of a foam,

37,  The composition of Claim 32 wherein said compositica is in the form of an adhesion
prevertion composition.

38.  The composition of any one of Claims 32 to 37, further comprising a pharmaceutically
active substance dispersed within said composition.

39.  The composition of Claim 38 wherein said pharmaceutically active substance is chosen
from the group consisiing of proteins, growth factors, enzymes, drugs, biopolymers, and
biologically compatible synthetic polymers.

40. A water insoluble composition comprising the reaction product of a polyanionic
polysaccharide which is hyaluronic acid, a nucleophile, and an activating agent.

41. A water insoluble composition comprising the reaction product of two or more

polyanionic polysaccharides at least one of which is hyaluonic acid, a nucleophile, and an
activating agent,
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42.  The water insoluble composition of Claim 40 or Claim 41 wherein said activating agent
is chosen fiva the group consisting of benzotriazole-1-yloxytris(dimethylamino)-phosphonium
hexafluorophosphate, O-benzotriazole-1-yl-N,N,N',N'-tetramethyluronium
hexafluorophosphate,  bromotris(dimethylamino)phosphonium  hexafluorophosphate,
bromotris(pyrrolidinyl)phosphonium hexafluorophosphate and the corresponding halide salts
thereof.

43, A water insoluble composition comprising the reaction product of & polyanionic

polysaccharide which is hyaluronic acid, a modifying compound, a nucleophile, and an
activating agent,

44, A water insoluble composition comprising the reaction or product of two or more
polyanionic polysaccharides at least one of which is hyaluronic acid, a modifying compound,
a nucleophile, and an activating agent.

45, The composition of Claim 41 or 44, wherein the other of said polyanionic
volysaccharides are chosen from the group consisting of carboxymethyl cellulose,
carboxymethyl emylose, chondroitin-6-sulfate, derm«¢in sulfate, heparin, and heparin sulfate.

46.  The composition of Claim 41 or Claim 44 wherein the said polyanionic polysaccharides
are hyaluronic acid and carboxy methyl cellulose.

47.  Thz composition of any one of Claims 40, 41, 43 or 44 whervin said nucleophile is
chosen from the group consisting of an amino acid amide, a monofunctional amine, an amino
acid ester, an amino alcohol, an amino thiol, an amino phenol, an amino catechol, an amino

acid, a salt of an amino acid, a peptide, and a protein,
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48.  The composition of Claim 43 or Claim 44 wherein said modifying compound is chosen
from the group consisting of l-hydroxybenzotriazole hydrate, 1-hydroxybenzotriazole
monohydrate, N-hydroxysulfosuccinimide, N-hydroxysuccinimide, 4-nitrophenol, 2-
nitrophenol, 4-nitrothiophenol, 2-nitrothiophenol, pentachlorophenol, pentafluorophenol,
imidazole, tetrazole, and 4-dimethylamiropyridine. '

49.  The composition of Claim 43 or Claim 44 wherein said activating agent comprises a
carbodiimide.

50. The composition of Claim 49 wherein said cerbodiimide comprises 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide, or 1-ethyl-3-(3-dimethylamiropropyl) carbodiimide
methiodide.

51.  The composition of any one of Claims 40, 41, 43 or 44 wherein said composition is in
the form of a gel.

$2.  The composition of any one of Claims 40, 41, 43 or 44 wherein said composition is in
the form of fibers.

53.  The composition of any one of Claims 40, 41, 43 or 44 wherein said composition is in
the form of a membrane.

54.  The composition of any one of Claims 40, 41', 43 or 44 wherein said composition is in
the form of a foem.

55.  The composition of any one of Claims 40, 41, 43 or 44 wherein said composition is in
the form of an adhesion prevention composition.

56. The composition of any one of Claims 40, 41, 43 or 44 further comprising a

230 phamaceutically active substance dispersed within said composition,
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57.  The composition of Ciaim 56 wherein said pharmaceutically active substance is chosen
from the sroup consisting of proteins, growth factors, enzymes, drugs, bipolymers, and
biolog:iually «zmpatible synthetic polymers.

58. A method for making a water insoluble biocompatible composition, said method
comprising combining, in an aqueous solution, a polyanionic polysaccharide which is
hyaluronic acid, end :n sctivating agent under conditions sufficient to form said composition.
59.  The methad of Claim 58 wherein said polyanionic polysaccharide is hyaluronic acid.

60.  The method of Claim 58 or 59 wherein said activating agent comprises a carbodiimide.

61.  The method of Claim 60 wherein said carbodiimide comprises 1-ethyl-3-(3-
dimetiylaminopropyl) carbodiimide, or 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
methiodide.

62.  Themethod of any one of Claims S8 to 61 wherein said polyanionic polysaccharide is
preseat in & concentration of 0,005 - 0,1M.

63.  The method of Claim 62 wherein said polyanionic polysaccharide is present in a
ceacentration of 0.01 - 0.02M.

64.  The method of any one of Claims 58 to 63 wherein said method is carried out at a pH
3.5-80.

65.  The method of any one of Claims 58 to 64 wherein the molar ratio of said polyanionic
polysaccharide to seid activating agent is at least 1:1,

66.  The method of any one of Claims 58 to 65 wherein the molar ratio of said polyanionic
polysaccharide to sair. activating agent is about 4:1.
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67. A water insoluble composition prepared according to the method of Claim 1 or Claim

68.  The composition of Claim 67 wherein said composition is in the form of a gel.
69.  The composition of Claim 67 wherein said composition is in the form of fibers.

70. A water insoluble composition comprising the reaction product of a polyanjonic
polysaccharide which is hyaluronic acid and an activating agent.
10

71.  The composition of Claim 70 wherein said activating agent comprises a carbodiimide.

72.  The composition of Clailn 71 wherein said carbodiimide comprises 1-ethyl-3-(3-
dimethylaminopropyl) carbodiimide, or 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
methiodide.

s
wy

73.  The composition of Claim 71 or Claim 72, further comprising a pharmaceuticaiiy active
substance dispersed within a gel.

20 74.  The composition of Claim 73 wherein said pharmaceutically active substance is chosen
from the group consisting of proteins, growth factors, enzymes, drugs, biopolymers, and
biologically compatible synthetic polymers.

75.  The composition of any one of Claims 70 to 74 wherein said composition is in the form
25 of an adhesion prevention composition,

76.  The composition of any one of Claims 70 to 74 wherein said composition is in the forta
of a membrane,
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77.  The composition of any one of Claims 70 to 74 wherein said composition is in the form
of a foam.

78. A water insoluble mixture comprising a reaction product of a first polyanionic

S polysaccharide and an activating agent, in admixture with a reaction product of a second
polyanionic polysaccharide and an activating agent, wherein at least one of said polysaccharides
is hyeluronic acid.

79. The mixture of Claim 78 wherein said first polyanionic polysaccharide is
10 carboxymethylcellulose and said second polyanionic polysaccharide is hyaluronic acid.

80. The mixture of Claim 78 wherein said first polyanionic polysaccharide is

carboxymethylamylose and said secoad poiyanionic polysaccharide is hyaluronic acid.

15 81.  The mixture of any one of Claims 78 to 80, further comprising & pharmaceutically
active substance dispersed within said blend.

82.  The mixture of Claim 91 wherein said pharmaceutically active substance is chosen from
the group consisting proteins, of growth factors, enzymes, drugs, biopolymers, and biologically
20 compatible synthetic polymers.

l& 83,  The mixture of any one of Claims 78 to 82 wherein said mixture is in the form of an
R adhesion prevention composition,

25 84.  The mixture of any one of Claims 78 to 82 wherein said mixture is in the form of a
membrgné.

85.  The mixture of any one of Claims 78 to 82 wherein said mixtare is in the form of a
form,
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S 86. Methods for making water insoluble biocompatible compositions or water insoluble
biocompatible compositions prepared by said methods, substantially as hereinbefore described
with reference to the Examples.
5
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