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" Viscous or viscoelastic agents used in surgery may perform a number of different
functions, including without limitation maintenance and support of soft tissue, tissue
manipulation, lubrication, tissue protection, and adhesion prevention. It is recognized
that the differing rheological properties of these agents will necessarily impact their

20  ability to perform these functions, and, as a result, their suitability for certain surgical
procedures. See, for example, U.S. Patent No. 5,273,056.

Cataracts are opacities of the ocular lens which generally arise in the elderly. In
order to improve eyesight, the cataractous lens is surgically removed and an artificial
intraocular lens is inserted in its place. During these surgical procedures, viscoelastic

»s  materials are typically injected in the anterior chamber and capsular bag to prevent
collapse of the anterior chamber and to protect tissue from damage resulting from
physical manipulation. A
A number of viscous or viscoelastic agents (hereinafter “agents”) are known for
ophthalmic surgical use. For example, Viscoat® (Alcon Laboratories, Inc.) which
% contains sodium hyaluronate and chondroitin sulfate; Healon® and Healon® GV
(Pharmacia Corp.), Amvisc® Regular and Amvisc® Plus (IOLAB), and Vitrax®
(Allergan) all of which contain sodium hyaluronate; and Cellugel® (Alcon) which
contains hydroxypropylmethylcellulose (HPMC) are all useful in cataract surgery. They

are used by the skilled ophthalmic surgeon for several purposes, including maintenance



are used by the skilled ophthal mc surgeon for several purposes, including
mai nt enance 1 WD 02/ 36096 PCT/USO01/ 44063 of the anterior chanber of the
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corneal endothelial cells, and as an aid in manipul ati ng ophthal mc
tissues. Wiile all of the agents descri bed above may be used during
cataract surgery, each has certai n recogni zed advant ages and
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addi ti onal uma to the eyé. Exogenous difution of the viscoelastic has
been suggdst@daracs Rlefrectivat SutgoPy sii:Alds (1989).) IOP spikes, depending on their

magnitude and duration, can cause significant and/or irreversible damage to susceptible
ocular tissues, including, without limitation, the optic nerve.
Thus, the ease with which an agent can be removed from the surgical site,
20  typically by aspiration, has traditionally been considered an important characteristic in
the overall assessment of the agent’s usefulness in cataract surgery. By removing the
agent before the close of surgery, the surgeon hopes to minimize or avoid any significant
IOP spike. Unfortunately, however, removal of agents which are relatively dispersive
(as opposed to cohesive) or which adhere to the ocular tissue is often difficult and may
25  cause additional trauma to the eye.
Exogenous dilution of the viscoelastic has been suggested to alleviate IOP spikes.
See U.S. Patent No. 4,328,803. Depending, however, on the particular viscoelastic and
the surgical technique employed, IOP spike may still be a problem. More recently, it has
been suggested that the administration of degradative agents .to break down conventional
s  viscous or viscoelastic agents in the eye can reduce or avoid the occurrence of IOP
spikes. See, e.g., U.S. Patent No. 5,792,103. Such an approach requires not only the

administration of a second, enzymatic agent into the eye, the biocompatability of which
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viscosity such that it will, without the addition of degradation agents, become

substantially less viscous after its purpose has been served in surgery, such agents being

hereinafier referred to as transitional viscoelastics. A significant amount of such a

transitional viscoelastic may then be left in the eye by the surgeon to be eliminated by
20  the body’s natural processes without creating a dangerous IOP spike.

Transitional viscosities are known to occur in certain systems. In the ophthalmic
field, systems are known in which a liquid forms a gel after application to the eye. For
example, such gelations may be triggered by a change in pH. See, Gumey et al., “The
Development and Use of In Situ Formed Gels, Triggered by pH” Biopharm. Ocul. Drug

s Delivery, (1993) pp. 81-90. Temperature sensitive gelation systems have also been
observed for certain ethyl (hydroxyethyl) cellulose ethers (EHECs) when mixed with
particular ionic surfactants at appropriate concentrations (see, Carlsson et al., “Thermal
Gelation of Nonionic Cellulose Ethers and Ionic Surfactants in Water” Colloids Surf.,
volume 47, pages 147-65 (1990)) and for systems of pure methylethyl cellulose (U.S.

w0 Patent No. 5,618,800 (Kabra et al.)) More recently, in U.S. Patent No. 6,177,544, a
modified collagen for ophthalmic use was disclosed, which was reported to lose viscosity

upon denaturation to facilitate removal. However, no commercial embodiments of such
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tool, the agent, in addition to having the desired initial and transitional viscosities over
the prescribed temperature range, would preferably meet the following requirements:
physiologically acceptable osmolality and pH; relatively short viscosity transition time;
20 clear (without turbidity); biocompatible; and sterilizable. The transitional viscoelastics

of the present invention are believed to satisfy these requirements.

SUMMARY OF THE INVENTION

25 The present invention is directed to improved viscous or viscoelastic agents for
use in surgical procedures, especially ophthalmic surgical procedures. More specifically,
the present invention is directed to any such agent with the desired initial viscosity that
yields an acceptable IOP spike profile in the IOP Spike Model described below. The
improved agents of the present invention include transitional viscous or viscoelastic

s  polymeric agents suitable for use in ophthalmic surgery. As used herein, the term
“transitional viscoelastic” means such an agent which maintains high viscosity during the

surgical procedure, but rapidly loses viscosity after the close of surgery so as to reduce or
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will yield little or no IOP spike (as defined below) when used and allowed to remain in

the eye after routine cataract surgery.
Substances suitable for use as transitional viscoelastics include, without
limitation, hydrophobically modified polysaccharides or mucopolysacbharides such as
20  hyaluronic acid and its salts (HA) (with or without surfactants); dialyzed polyampholytes
or dialyzed mixtures of oppositely charged polyelectrolytes; polysaccharides or
mucopolysaccharides such as HA with cationic hydrophilic polymers; polysaccharides
and hydrophilic synthetic polymers with temperature dependent conformational
transitions; and combinations thereof.  Preferred are hydrophobically modified
25 polysaccharides or mucopolysaccharides. Most preferred are hydrophobically modified

HAs, especially HA-amides.

DETAILED DESCRIPTION OF THE DRAWINGS

30 FIG. 1 is a graph depicting viscosity as a function of concentration for

dodecylamide HA of the present invention and control HA.
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FIG. 8 is an exploded elevation of a perfusion apparatus of the present invention.
FIG. 9a is a top plan view of an eye for use in a perfusion apparatus.
15 FIG. 9b is a side view of the eye of FIG. 9a.
FIG. 10 is a cross sectional view of the perfusion apparatus of the present
invention FIG. 8 with the inclusion of an anterior segment.
FIG. 11 is a graph depicting the effects of traditional viscoelastics and a
transitional viscoelastic of the present invention on IOP using the IOP Spike Model of

20  the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention is directed to viscoelastic materials, and especially to

transitional viscoelastic materials, compositions and methods of use. The primary use of

25 the transitional viscoelastics is in surgical applications where the transitional viscoelastic
is applied during surgery in its more viscous state and, following surgery, loses
substantial viscosity in situ. A preferred use of the transitional viscoelastics is in cataract
surgery, where the viscoelastic is instilled i) in the anterior chamber of the eye to
maintain the dome and protect the exposed tissues; and/or ii) in the posterior chamber to

s inflate the capsular bag. Following surgery, the viscoelastic remaining in the eye is
heated by the body to ambient body temperature, loses its viscosity, and is more readily

removed (than non-transitional viscoelastics) by the eye’s processes. The major
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15 approximately 4°C for up to 6 months.

The transitional property of the present invention viscoelastics is preferably
reversible. The reversible viscosity property of the preferred embodiments allows the
transitional viscoelastics to be heated prior to use, e.g., heat sterilization, and then
recooled for surgical application.

20 Additional preferred properties of the transitional viscoelastics of the present
invention include: (1) a transition time of less than about two hours post surgery; (2)
optically-clear gels with little or no turbidity; (3) safe adherence to ocular tissue (i.e.,
capability of providing a protective coating to delicate tissues); and (4) biocémpatibility.

As stated above, when used in cataract surgical procedures, the most important

s feature of the transitional viscoelastics of the present invention is that they will cause
little or no IOP spike following such surgery. For purposes of the present invention, a
transitional viscoelastic material will be deemed to exhibit “little or no IOP spike” if 0.5
ml of a 10% solution (i.e., the actual product composition diluted to 10% of its original
concentration with a buffered isotonic salt solution) yields an IOP spike which is not

2 more than an average of about 10 mm Hg above the baseline IOP in a validated IOP

spike model (the “IOP Spike Model”) as described below.
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(CS) and hydroxypropylmethylcellulose (HPMC) and a combination of HA and CS.

Other viscoelastics useful in preparing transitional viscoelastics include dialyzed
polyampholytes, such as, carboxymethylcellulose.

The transitional viscoelastics may be composed of viscoelastic polymers of

20  varying molecular weight. Generally, the average molecular weight of the non-modified

polymer will range from 50,000 to 1,000,000 daltons. For HA-based transitional

viscoelastics, the average molecular weight of the non-modified HA polymer backbone

will preferably range from about 120,000 to about 400,000 daltons (weight average

molecular Weight) and from about 50,000 to about 350,000 daltons (number average

" molecular weight). These preferred non-modified HAs at conventional concentrations

will exhibit insufficient viscosity for the preferred surgical purposes. The molecular

weight of viscoelastics may be estimated by the method of gel permeation

chromatography (GPC), also referred to as size exclusion chromatography (SEC), with

detection by light scattering or against standards of known molecular weight using

o  refractive index detection. Molecular weight typically affects the degree of viscosity of

these known viscoelastics. All of the molecular weights pertaining to the transitional

viscoelastics described herein, unless otherwise noted, are the number average molecular
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contents of which are by this reference incorporated herein. The degree and type of such -
substitution will affect the low-shear or apparent viscosity and low-shear cohesion, as
2  well as the elevated temperature viscosity and cohesion. Preferred are hydrophobic
substituents.
Since there are several factors influencing the rheological properties of
compositions of the present invention (e.g., type and degree of substitution and average
“molecular weight and concentration of the viscoelastic polymer (unmodified), various
25 compositions of varying parameters may yield similar rheological properties. For
example, a 0.88% w/v solution of a 200 kDal HA that is 14% substituted with
dodecylated carboxyl groups, a 1.2% w/v solution of a 200 kDal HA that is 11%
substituted .with dodecylated carboxyl groups, and a 2.55% w/v solution of a 200 kDal
HA that is 4% substituted with hexadecylated carboxyl groups all display similar
s viscosity and transitional behaviors. The transitional viscoelastics of the present

invention may thus be characterized by a "Viscosity Factor," which is determined by the
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HAs (freavaol/sboasd salt form may be nodified to exhibit PaOBRUANIGME:3
properties and hence be useful as transitional viscoelastics of the present
invention. For 5 exanple, dodecyl noieties nmay be covalently |linked to the
backbone carboxylic acid groups of the HAs to form dodecyl esters thereof.
As used herein, HAs nodified by esterification of their side chains with
various noieties are referred to as "HA-esters.” Exanples of esters that
may be sulisitowitig édmuba:t he car boxyl ate groups of HA include, but are not
limted to, alkyl groups such as nethyl, ethyl, propyl, isopropyl, butyl,
sec-butyl, 10 tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl,
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phenyl ; and any isomers of. regm ng groups. Such substituents may
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selected 15 fromthe group consisting of 0, N and S. Such HA-esters are
available from Fidia Advanced Bi opol yners (Abano Terne, Italy), or
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same or similar Viscosity Factor may have significantly different rheological properties.

The Viscosity Factor is only a general indicator of the suitability of a viscoelastic

15 composition for the presently contemplated purposes. Those skilled in the art will

further appreciate that by modifying one or more of the parameters, optimal rheological
properties for a given purpose may be achieved.

Preferred modified hyaluronates include the partial amide modification of the

carboxylate groups of HA with alkyl or aryl groups to form alkyl or aryl amides of HA.

2

20  As used herein, such molecules are referred to as “HA-amides.” Examples of amides
that may be substituted on the carboxylate groups of HA include, but are not limited to,
alkyl groups such as methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, pentyl,
neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl,
pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, or any other alkyl groups

s containing up to 30 carbons; cycloalkyl groups, e.g. cyclohexyl; and aryl groups, e.g.
phenyl; and any isomers of the foregoing groups. Such substituents may optionally be
further substituted and may optionally contain hetero selected from the group consisting

of O, N and S. The most preferred amide substituting group is dodecyl.

10
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' sopropyl amlljcﬂet y({)fefesrgbcly bgcgagcyl) Slgl;[stlltoul;clfo)rlll levele nc;[ty 25 to 40%, and a polymeric
15 concentration of 0.5 to 2% (wt./v.). For the hexadecylamide HAs, the preferred variable
will be: substitution level of 5 to 15%; polymeric concentration of 0.3 to 0.8% by weight;
and molecular weight of the unmodified HA of 200 to 350 kDal (weight average) or 120
to 230 kDal (number average). Substitution levels may be determined by NMR as
described in Example 11. In most instances, the substitution levels specified in the
20  examples herein were provided by the supplier of the HA-amides, Fidia Advan;:ed
Biopolymers.

The transitional viscoelastic compositions of the present invention will generally
have sufficient zero shear viscosity to be useful in viscosurgical procedures. Typically
such zero shear viscosities will be at least 1 Pa-s at 25°C. Preferred are compositions

2s  exhibiting zero shear viscosities from about 5 to 10,000 Pa-s at 25°C. Most preferred are
those exhibiting zero shear viscosities from about 40 to 1000 Pa-s at 25°C.

The HA-amides may be obtained commercially from Fidia Advanced
Biopolymers (Abano Terme, Italy), may be synthesized by methods described by
Danishefsky and Siskovic in “Conversion of Carboxyl Groups of Mucopolysaccharides

0 in Amides of Amino Acid Esters,” Carbohydrate Res. Volume 16, pages 199-205
© (1971), Bulpitt and Aeschlimann “New strategy for chemical modification of hyaluronic

acid: Preparation of functionalized derivatives and their use in the formation of novel

11
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tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, or any-other alkyl

group containing up to 30 carbons; and any isomer of the alkyl group, including

cycloalkyl and aryl isomers. Such transitional viscoelastics may, for example, -be

prepared by methods disclosed in March, Advanced Organic Chemistry — Reactions,

20  Mechanisms, and Structure, John Wiley & Sons: New York, 4™ Bdition, 1992.

Chondroitin sulfate (CS) of varying molecular weights may be modified similarly

to the HAs, described above, in order to yield transitional viscoelastics of the present

invention. For example, the carboxylate groups may be amidated in analgous fashion as

described above with HA. Additionally, the hydroxyl or N-acetamide moieties of

»s  chondroitin sulfates may be converted into hydrophobic amines, ethers, thioethers,

carbamates, thiocarbamates, ureas, and thioureas in the same manner as described above

for HA using the same alkyl, cycloalkyl and aryl substituents in order to yield

transitional viscoelastics of the present invention. Examples of such transitional

viscoelastics include CS alkyl ethers, CS alkylamines, CS alkyl thioethers, CS

w  alkylcarbamates, CS alkylthiocarbamates, CS alkylthioureas, and CS alkylureas, in

which the alkyl group can be methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl,

pentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl,

12
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i nclude nodi fied HAs wherein the hydrophobic group is |inked to the HA
structure throfgirthe nydr oxyr  noi eLl es, LNE I+ acet at dg noil etres, he

carboxyl groupp, and have been d@gwéll“tﬂéd to 10 form hydr JDN@BF%‘%VY(@/)
(" HA-am nes"), ; Pt her s'g)gsand al
("HA-al kyl s") & L vi scoelastics
i ncl ude HA al k blﬁgi@egoalmiﬁﬁhagﬁhyﬂeqmmﬁﬁoum aI kyI t hi oet hers, 6056

al kyl car bamat ep—HA—atkytthtrocarbamates;—HAatkytthroureas,—and A
al kylureas, in mebmq&}@dmm@ms@mm@/lmy@r@tq}et hyl, ethyl, pr&f¥H
i sopropyl, but Iﬁgﬁqsec Qut.yT, tert-butyl, 15 pentyl, neopentyl ,ggﬁxyl ,

7N

yl

heptyl, octyl, gm Chigrds * undecyl . dodecyl. tridecyl t et r adecyl
gleE;?decyl : he ﬁt}g&\gmongq&ti@yiggéﬂm }@ﬁ{r@,gggyl , nonadecyl , | or @WH1o @laher
Water QS
10
Example 2
Ingredient Amount (% w/w)
10% substituted dodecylamide-HA (200 kDal) 0.8
or 8% substituted hexadecylamide-HA (200
kDal)
Dibasic Sodium Phosphate (Anhydrous) 0.056
Monobasic Sodium Phosphate (Monohydrate) 0.004
Sodium Chloride 0.84
| Hydrochloric Acid / Sodium Hydroxide QStopHto 7.4
Water QS
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group containing up to 30 carbons; and any isoner of the al kyl group,

i ncluding cycloalkyl and aryl isoners. Such transitional viscoelastics
may, for veaanploeg be prepared by methods disclosed i n MapCivusHdmassced
Organic Chem stry - Reactions, 20 Mechanisnms, and Structure, John Wley &
Sons: New York, 4th Edition, 1992. Chondroitin sulfate (CS) of varying

nol ecul ar weights nay be nodified simlarly to the HAs, described above,
in order to yield transitional viscgelasﬁigs of the present invention. For
exanpl e, the carboxyl ate groups may ated in anal gous fashion as
descri bed above with HA. Additionally, the hydroxyl or N-acetam de nvoieties
of 25 chondroitin sulfates may be converted into hydrophobic am nes,
ethers, thioetfers, —carpamates. Ll ocar panat es] ureas, and t il oureas in
the same manner as describeHMﬁb@@bt for HA usin uﬁ@osnh@éaWh9l, cycl oal kyl
and aryl subst nts |n r 1o.yl .r ansi { i VIse ast cs of the
present invent OS@%Q-ﬁS ‘g?y@ﬁ% :ﬁﬁaﬁ§lwpona %GfQégg %' ncl ude CS

al kyl ethers, Blt{PRYy kR nes, cs aIka t hi oet her Ikvlca'banates,

CS al kyl t hi oc B BL_S ;i g Mté?. ) and €S al kyj ggeas whi ch t he
al kyl group ca 99¥Lr—buL¢Er—see~3utyl,
tert-butyl, Mbﬁbbasﬂﬂmmnh?hosﬁmeeexMoﬂ@ﬁmrﬂe) betyl, @ooyl, decyl,
undecyl, dodecjyls—tridecyl— 12— W5 02136096 PCT USO144063—tetThdecyl,
pent adecyl , hex&@b@yKﬂﬂ%@btadecyl oct adecyl, npnadecyl0;84or any Pt her al kyl
group cont ai ni jpg—up—+o—36 Carbuno, afe—afy at.u,tural sotfrers—of{ such
group, includi nﬁydmyhibnalAlc;d/&rdmml}demdmers Sudh adjuat ta BAal
vi scoel asti cs [pay-be prepared by methods——disclpsedin Mrch—Adyanced

oot

Organi ¢ Chem s V&um-F@actlons Nbchanisns and b Struct@se, John| Wley &
Sons: New Yor k=#tH—Edirtrorm—t992—Tte fotrrow Fg—Cxanpr es - o-are exanpl es
of preferred conpositions of t he present i nvention: Exanple 1 Ingredient
Amount (% w w) 10% dodecyl am de substituted HA (200 kDal) sodiumsalt 0.45
Di basi ¢ Sodi um Phosphat e (Anhydrous Ex@nipié4 -

Ingredient Amount (% w/w)

32% substituted Octylamide-HA, sodium salt 1.0
(200 kDal)

|| Dibasic Sodium Phosphate (Anhydrous) 0.056
Monobasic Sodium Phosphate (Monohydrate) 0.004
Sodium Chloride 0.84
Hydrochloric Acid / Sodium Hydroxide QStopHto 7.4
Water QS
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Monobasi ¢ Sodi um Phosphat e (Monohydrate) 0.004 Sodi um Chloride 0.84
Hydrochloric Acid / Sodium Hydroxide QS pHto 7.4 Water S 10 Exanple 2
I ngredi evoAmaaopd (% W w) 10% substituted dodecyl am de- HACT/PO@ /448l ) 0. 8
or 8% substituted hexadecyl am de-HA (200 kDal) Di basic Sodi um Phosphate
(Anhydrous) 0.056 Mbonobasic Sodi um Phosphate (Mnohydrate) 0.004 Sodi um
Chloride 0.84 Hydrochloric Acid / Sodium Hydroxide QS to pHto 7.4 Water
QS -ij 13 WO 02/ 36096 PCT/ US01/ 440M&gpl e 3 Ingredi ent Anount (% w w)
10% substituted dodecyl am de-HA, so 0.4, 0.6, 0.8 or salt (200
kDal) 1.0% Di ba5| C Sodl um Phosphate (Anhydr ous) 0. 056 Monobasi ¢ Sodi um

Phosphat e (Mongk 84 _Hydraochloriec Acid /
Soodl um Hydr oxi de t 0 a adj ust ,ﬁ'kafeﬁleﬁt 4. vaat er QS —XaXHJoﬁgfl(%ervsSd' ent  Anount
(/OW/W) 32% spystTtuted—Cct yreanroe=T; sodrunTr$att—1:

10% substituted dodecylam1de-HA sodium 1.0

salt (200 kDal)

Dibasic Sodium Phosphate (Anhydrous) 0.056

Monobasic Sodium Phosphate (Monohydrate) 0.004

Sodium Chloride 0.84

Hydrochloric Acid / Sodium Hydroxide QStopH 7.4

Water QS

15



(200 kDal) D basic Sodi um Phosphat e (Anhydrous) 0.056 Monobasic Sodi um
Phosphat e (Monohydrate) 0.004 Sodium Chloride 0.84 Hydrochloric Acid /
Sodi um Hwdo oxs@es QS to pHto 7.4 Water QS -JJ 5 14 WO 02PGHU09M/44063

PCT/ USO01/ 44063 Exanple 5 Ingredient Amount (%ww 10% substituted
dodecyl am de-HA, sodium 1.0 salt (200 kDal) Di basic Sodi um Phosphate
(Anhydrous) 0.056 Monobasic Sodi um Phosphat e (Monohydrate) 0.004 Sodi um
Chloride 0.84 Hydrochl origgafailde/ Sodi um Hydroxide QS to pH 7.4 Water QS
5 15 WD 02/ 36096 PCT/ USO1 Exanpl e 6 Ingredient Armount (%ww 10%
dodecyl am de substltut ed HA sodi um salt 0.33, 0.37, 0.40, 0.44, 0. 5 0.6,

phat e ( l\/bnohydr at EI)]gfh(ﬁé}ft Sodi um ChI ori de 0 7 A;hiy%n A| d/
Sodi um Hydroxide QS pHto 7.4
10% dodecylamide substituted HA sodium salt - 0.33,0.37, 0.40, 0.44, 0.5,
0.6,0.7 or 1
Dibasic Sodium Phosphate (Anhydrous) 0.2
Monobasic Sodium Phosphate (Monohydrate) 0.045
Sodium Chloride 0.7
Hydrochloric Acid / Sodium Hydroxide QSpHto 7.4
Water QS
5 The following Examples 7-18 illustrate the rheological properties of

compositions of the present invention.

Example 7

The rheological properties of HA-amide compositions of the present invention
were compared with an analogous non-transitional HA composition through several
concentrations. The 10% substituted dodecylamide-HA formulations of Example 3
(0.2%, 0.4%, 0.6%, 0.8% and 1.0% w/v) and control compositions containing the

15 precursor non-modified HA at 0.2, 0.4, 0.6, 0.8 and 1.0%, were prepared to the according
to the following procedure. Containers containing the various formulations were capped
and heated for 4 days at 50°C, swirling occasionally to ensure that all the dodecylamide-
HA or HA powder was immersed in the buffered liquid and that complete dissolution
occurred. Each solution was then transferred to separate Scc syringes, capped, and

20  centrifuged at 2500 RPM to remove bubbles. The loaded syringes were then each
configured with an empty 5cc syringe via a Dual-hub assembly. The syringes were

cooled for one hour and mixed using 50 passes on their respective assemblies.

16



Water @S 5 The follow ng Exanples 7-18 illustrate the rheol ogi cal
properties of conpositions of the present invention. Exanple 7 10 The

r heol ogi b opsperti es of HA-am de conpositions of the prepePOBIV4UESNt i ON
were conpared with an anal ogous non-transitional HA conposition through
sever al concentrations The loqbsubstituted dodecyl am de- HA formul ati ons
of Exanple 3 (0 2% 0.4% 0.6% 8% and 1.0% w'v) and control

iti dified HA a . 0.6,
composi 1 ons. cQIbalaAg 0 i”ec dyesengmRes leﬁge PO Brotlur e
Cont ai ner gSCAN{@bAktAM Fthss Y{%d)rﬁétér)fs‘aﬁﬂ% pla® B0 ;glaﬁg@qeemd wigated f or

4 days at 50C, swirling occasionally to ensure t t he dodecyl am de-
HA or HA potwimeniges to mseomeity innde. hBarpple fviscesitiey ‘qgﬁedn@m@red h'atsutshp@r tate

Syt nges, hap Baneuiiftssnt ERIF bYaaa ATSskoa bAE TRICH uloRE §, 0

| oadeds syWa@q@@M@mS tub&) tﬁ@l@éhnt&%ﬁsh(wﬂitﬁﬂl MéstibleaganiPlogs € tEhenitigRalvi a a
Dual - hub asserrbleq}[/l The syringes were cooled for one_hour and ni xed using

50 passes f@aes #idhe highsghear raje cud sEpbeach sampds, s Uzmsstambbﬁi@nqgé@lfmm63 In
order to Bohl i n
G510 (CongeubleRaeRERley Hal Men iRl 50e0. AT £ Rtk Sn R AL R e Riree

Wi th the ahdaheatirdatessft2.5C/mirs c]@mﬁtslamplmdes pﬁaeqsédauung matutal @araveites.
nmeasured yersus shear rate, using a.shear stress of 1.09 to 52.89 Pa at
16C. As cllBs&umpmagy regplfs & santaipgd i b as 5 was feasible was used, taking
into cgnsideration possible sanple loss due to centripetal forces at the
hi gh shear rate end. For each sanple, the transitional behavior (viscosity
ver sus terrperature) was t hen charact d‘rabheti, using a tenperature range of

dont{cal parei el 00 shEndn PodePrtasr X feRitPalp TRARRE 1™ 0 ™

Concentration (% w/w) Viscosity at 1.36 Pa Shear, Pa-s
Control HA 10% Dodecylamide of HA
0.2 0.0209 0.0300
0.4 0.0229 49.2
0.6 0.0262 2960
0.8 | 0.0300 6580
1.0 0.0330 19,900

As shown in Table 1, the dodecylamide-HA compositions were much more
15 viscous than the unmodified HA compositions. Also, an increase in the low shear
viscosity through about 5 orders of magnitude was correlated with increasing

dodecylamide-HA concentration (i.e., from 0.2% to 1.0% w/v).

Example 8

20
The composition of Example 4 was rheologically evaluated. The composition
was prepared in a method similar to that disclosed in Example 6.
This sample was processed rheologically using the Bohlin CS-10 controlled

stress rheometer for viscosity versus shear-rate using the same procedures as described in

17



Table 1: Viscosity of 10% Substituted Dodecyl am de- HA versus control HA at
16C Concentration (%ww Viscosity at 1.36 Pa Shear, Pa-s Control HA 10%
Dodecyl awae2/afo9dHA 0.2 0.0209 0.0300 0.4 0.0229 49.2 OrET/OSO262632960
0.8 0.0300 6580 1.0 0.0330 19,900 As shown in Table 1, the

dodecyl am de- HA conpositions were nuch nore 15 viscous than the unnodified
HA conpositions. Al so, an increase in the | ow shear viscosity through

Concent r att bl oV fr GRS p 8 o0, 32 ey T RAEIEAER ard BERREE (70"

of Exanpl erablems rheol ogically eval uated. The conposition was prepared in
a nethod simlar to that disclosed in Exanple 6. This sanple was processed
rheol ogically using the Bohlin CS-10 controlled stress rheoneter for

vi scosity versus shear-rate using th?m, procedures as described in 17
WO 02/ 36096 PCT/ US01/ 44063 Exanple 6, Wwth a shear stress range of 0.41 to
32.58 Ra. The Visgsity serdue Sheart $iresscit it 6°C foat32684 Zubskitatedt QctytanvideTDAI ty
versus Shear Stress at 16C for 32% substituted Octyl am de-HA Shear Stress
(Pa) Viscosity (Pa-s) 0.416 995 0.676 961 1.09 670

Shear Stress (Pa) Viscosity (Pa-s)
0.416 995
0.676 961

1.09 670
1.78 342
2.89 : 166
4.69 79.0
7.61 27.0
12.36 7.88
20.07 2.12
32.58 065

As shown in Table 2, the 1% solution demonstrated a low shear viscosity of

about 1000 Pa-s.
oo In an analogous experiment, the viscosity of the composition was tested through a
temperature range of 17°C to 37°C, with a shear stress of 1.781 Pa. The results are

reported in Table 3.

18



1.78 342 2.89 166 4.69 79.0 7.61 27.0 12.36 7.88 20.07 2.12 32.58
0.65 As shown in Table 2, the 1% sol ution denonstrated a | ow shear

vi scosi t wob2/adeut 1000 Pa-s. 10 In an anal ogous experi meRCT/UBOIE4063sCcosi ty
of the composition was tested through a tenperature range of 17C to 37C,
with a shear stress of 1.781 Pa. The results are reported in Table 3. 18
WO 02/ 36096 PCT/ USO1/ 44063 Table 3: Viscosity versus Tenperature for 1 %
solution of 32% substituted Cctyl am xile- . Tenmperature (C) Viscosity (Pa-s)
17 261 22 155 27 97.0 32 47.3 37 3¥f8° 5 As shown in Table 3, and
illustrated in Figure 3, tWiScdsitpRerisulsARalperhti@@%ort 3%l oss behavior of this

material correl ates |ingautivn kB SffsGafed OdPaRtdebN e. The total
viscosity loss over the tenperature range was about 88% 10 Exanple 9 The

st orage st abi | Fey—ef—preferreo—conposttrons—of—fthepresent—rnventi on, as a
Temperature (°C) Viscosity (Pa-s)
17 261
22 155
27 97.0
32 47.3
37 29.5

As shown in Table 3, and illustrated in Figure 3, the transitional viscosity loss
behavior of this material correlates linearly with increasing temperature. The total

viscosity loss over the temperature range was about 88%.

10 Example 9

The storage stability of preferred compositions of the present invention, as a
measure of retained viscosity, was observed in the following experiment. The
dodecylamide-HA of Example 2 was incubated at 4°C and room temperature (“RT,” i.e.,

15 21-23°C) through 5.5 months. At a given time point, an aliquot of each composition was
taken and rheological analysis (the shear stress range for this example was from 0.16 to
52.89 Pa.) of the sample was performed. The results are listed in Table 4 and illustrated

in Figure 4.
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measure of retained viscosity, was observed in the follow ng experinent.
The dodecyl am de-HA of Exanple 2 was incubated at 4C and room tenperature
("RT," i M0 023@921-23C) through 5.5 nonths. At a given ti PET/PSIIMM4P63AN

al i quot of each conposition was taken and rheol ogical analysis (the shear
stress range for this exanple was fromO0.16 to 52.89 Pa.) of the sanple
was perfornmed. The results are listed in Table 4 and illustrated in Figure
4. 19 WO 02/ 36096 PCT/ USO1/ 44063 Table 4: Viscosity Stability of 0.8%
solution of 10% substituted Dodecyl am de-HA Tine (nonths) at RT Viscosity
at 16C and with a 7.61 Pa Shear Strggpled?a-s) 0 30.0 1 14.2 2 18.1 5.5
18.1 11 5 As shown in Table 4, dodecyl am de-HA conpositions_experienced an
initial shift VisspsiteSthility of 01830 selitian of dA%U suhstiduted Dadeeyamide-H& ween t he
zero time control and 1 nonth incubation time point. However, the
viscosity was stable fromthe 1 nonth incubation tinme point to the 5.5
nont h i ngubat1on ) me pol nt. The transitonal, stap,ljty, of

hexadecyl ami de- Hﬂ%ﬁ@%ﬁtgﬁméggtored at| 4CY1RP ﬁ&id@%{)‘ﬁl‘h? TP s
tested. [he results are disclosed in Table 5. 20 whespptendBasrT/ uso1/ 44063

Tabl e 5: |Viscosity ver sus Tenperature St Ebi lity Anal ysi3§) (pf 8% substi t utjed
Hexadecy 1 i i i

(O Vi sc+bsity at Shear S{ress of 2.89 Pa (Pa-s) 14.2
2 18.1
5.5 18.1

As shown in Table 4, dodecylamide-HA compositions experienced an initial shift
of 16 Pa-s at low shear conditions in viscosity between the zero time control and 1 month
incubation time point. However, the viscosity was stable from the 1 month incubation
time point to the 5.5 month incubation time point.

10 The transitional stability of hexadecylamide-HA compositions stored at 4°C

through 5.5 months was also tested. The results are disclosed in Table 5.
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Storage Tine, Storage Tinme, Storage Tine, O nonths 2 nonths 5.5 nonths 25
36.2 55.5 59.8 28 25.3 39.8 42.6 31 17.3 28.4 29.7 34 12.6 20.3 21.3 37
8.8 14. 0 WA 08360% As shown in Table 5 and Figure 5, the viBCDERty44043 al |
conpositions transitioned through the tenperature change from 25C to 37C,

| osi ng between 70% and 80% of their viscosity at a shear stress of 2.89
Pa. This conpares to a viscosity loss of only about 35% for hyal uronic
acid solutions of simlar starting vi sc,93¢lt i.es. 10 Exanple 10 The stability
of a dodecyl am de-HA conposition of the 8§ent invention was observed
with the follow ng experinent. The 1% decyl de- I on of

15 Exanple 7 was i NBsIbEYeTSES IE‘“PF%HW%WS@ sof @}‘B%‘H%@C t hr ough
6 nonths. At the%pﬁ@pfﬁ@t"é HAr&tor%neﬁhoqnba @f“ffeﬁ%d(s,ah'b%%‘i‘lpon was taken
and the chemcal stability of the dodecyl am de-HA was anal yzed usi ng
capillary gas chromat ography (GC). GC was perforned on the HeV\A ett Packard

21 WO r-a-: ------------ AL (FrU00 OO Sy ot e & i'i'—i',"“i—rn (P & afre
i oni zati gn GE{PéE’EtBFe , using tne £ ey St rka &) par anet er
Val ue |1jj ection port tefpex o BRRC TN Giahe@ ¥ 8Hel €NPEr S’t’dﬁa e, OvEn
t enper at re program 60C to 300¢2at 107 mi h ﬁ%ﬁ at '300Q f o %
0 months 2 months 5 5 months

25 36.2 55.5 59.8

28 25.3 39.8 42.6

31 17.3 28.4 29.7

34 12.6 20.3 21.3

37 8.8 14.0 14.8

As shown in Table 5 and Figure 5, the viscosity of all compositions transitioned
through the temperature change from 25°C to 37°C, losing between 70% and 80% of
their viscosity at a shear stress of 2.89 Pa. This compares to a viscosity loss of only

about 35% for hyaluronic acid solutions of similar starting viscosities.

Example 10

The stability of a dodecylamide-HA composition of the present invention was

observed with the following experiment. The 1% w/v dodecylamide-HA composition of

15 Example 7 was incubated at 4°C, room temperature (21-23°C) and 37°C through 6

months. At the appropriate time, an aliquot of the composition was taken and the

chemical stability of the dodecylamide-HA was analyzed using capillary gas
chromatography (GC). GC was performed on the Hewlett Packard
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Helium flow rates Split 100 nL min Septumpurge 0.3 nL/mn Colum 1.2
m./mn Mke up (FID) 30 nL/mn Conpressed air (FID) 395 ni/m n Hydrogen
(FID) 23vOntsawer 5 The col um used was a DB5 fused siliceCTapol44e63y col umm
(30 nmeters in length wth an inner diameter of 0.32 nmand a film

t hi ckness of 1.0 mm fromJ&W Scientific; (Folsom CA). After a given

i ncubation tine, sanples were m xed with one wei ght equivalent of a

' h | b h d
noubat e S0 €8 biserk sition@ Wi Tovte BRelit hohar (b Rl e AT L

parts by bterof the ethyl acetate-ethanol m xture. This second addltlon
caused precipitation of the polysaccharide, which is centrifuged down, and
t he supernatant was anal yzed bv GC for the presence of the breakdown

hydr ophopi ¢ group, I I f 100% hydrol ysis of si de chains |of
t%e dgde g p e"wﬁglya LI‘": Yﬂf I n}:/L nf t hvgllilﬁ()ﬁ\ cllhcf -t ut a¢ 15
dodecyl ap ne- HAh@MﬂMﬁb@fﬁMﬁknmﬁe42 ppn1dodecy|an1ne|2ﬁfﬁe super nat ant .
The t est [—resul-ts—showed that—tess tham it —pprmof uouecyram ne was presernt
in the supernataﬁmﬁﬂdﬂmnﬁ%%W%ﬂﬁ%%ssed conposi ti on sanpP®E through the
various fenperatuyre.and tine
am de |ipkage o

he

—+

buffered

conposition, 22 WO 02/36096 PCT/ US01/4

VeRaieairondi Vi scop as??iigégff%ﬁf%@?ﬁ the

Anal ysi s
Hydr opho
vials, W
added O.

for Deterppghi Afwhtedydr ophobi SubStItUtIOQOGQﬂﬁﬁH@f

C
vi cal | y-nmodi fied Hyaluronic Acid (F@E }ﬁp

as added 3-5 ng of a HM HA mater| al the sane
3 mL of water and the vial then @agi

ourds b@t LﬁnﬂF gI

SS

0
'vorte f. 5to
§F ﬁugg]* set )’s’Qﬂ?#uen cth t ed

395 mL/mln
23.5 mL/min

10 secongs
overni gh

The sanple vial was placed

(15-20 bekipRossed air (FID)
Hydrogen (FID)

5 The column used was a DBS fused silica capillary column (30 meters in length
with an inner diameter of 0.32 mm and a film thickness of 1.0 mm) from J&W Scientific,
(Folsom, CA).
After a given incubation time, samples were mixed with one weight equivalent of
a mixture of two parts ethyl acetate to one part ethanol (also by weight) and incubated at
10 50°C for one hour. To this mixture was added three more parts by weight of the ethyl |
acetate-ethanol mixture. This second addition caused precipitation of the polysaccharide,
which is centrifuged down, and the supernatant was analyzed by GC for the presence of
the breakdown hydrophobic group, dodecylamine. If 100% hydrolysis of the side chains
of the dodecylamine-HA occurred, full precipitation of the 10% substituted
15 dodecylamine-HA, would result in 42 ppm dodecylamine in the supernatant. The test
* results showed that less than 1 ppm of dodecylamine was present in the supernatants of
the processed composition samples, through the various temperature and time
incubations. These results indicated that the amide linkage of the transitional

viscoelastic was very stable in the buffered composition.
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to di ssolve. The next day a hyal uronate |yase (600-900 units/seal ed anpul e,
Cat. No. H 1136, Sigma Chem cal Co.) enzyne sol ution was prepared by
shappi ng vopen3dohe seal ed anpul e and addi ng 0.8 ni of wat reTAUSO43@63anpul e
cont ai ning approximately 900 10 units of enzyne (1 unit/uL). To the vial
was then added 100 uL (0.1 nmL) of the enzyne solution. The vial was capped
and placed into a 370C oven overnight (15-20 hrs). The next day, the vial
was renoved fromthe oven and 100 u gi}e ) of deuterium oxide (99.6%
atom% D, Cat. No. 42,345-9 Aldrich Co.) was added to the vial.

15 After mxi ng, the sol utron was transferred into a NIVR tube usrn a gl ass
di sposabl &N} adysigife ' vh il 8 vdeaphobien Group ‘ h

prot on NWVR sectrum on a_ 600 M—Iz Bruker NIVR | nstrurrent ‘capabl e of

oper at i on HydrephebicallymeodifiehHyalyrapic Apidd @EPeUds i ntegration of peak

| th £ th o treatod M DA sanpl o, th
z'ygPspzob.xetot%glﬁsﬁttwr@@fra;t%@aq oSBTl o RS GRS, 1
ddi t t.h t I J f t 3 d t f th
R S R %Bagt%%w vso's%é tpoi s gharect
2.0-2.1 feh !
0.8-1.3 Bgfnﬁteosrr gi n\glf1 M?C@a&%ﬁt %ld?‘%rllosﬁp%[tsg)g § tgg%ggr&%h?kﬁ'%%%urﬁ ons

in the hygcprgcﬂgk%ﬁ’ec @Irh%%ﬁ’eg"ﬂhp a%}%s&ﬁ(é@ﬁ-@g /scé[g'd3 am%ﬁﬂel qnat e

| yase enz no i nte br'c grotp fegion or

the N-acet it
every repelg('% 'Ifﬁ-:l"i‘%’d S%%rﬂﬁ\/‘\ghgfﬁ%%éﬂgg éﬁc‘?ﬁ %é%l?/ﬁ 21%&%%%?‘;4# @h@%ﬁ%@g %g'% 13 F}g}n t he

hydr ophobisgalsd Putetmaumaldir%v@ia BT Watet & el hpnde tomBntdpeappadxiateBf 900
integral values for the hydrophobic group to that of the N-acetyl nethyl

group. o Thaitebdewzymd@ wal/dul afd tha vidl wak ehahegikied 100 ub (04 tonL)udfl the) emdynge HVF HA
substance with a straight chain normal alky] group [-(CH 2)p_1CH3] as its
hydr ophobisoluiohs iThe uiakmas wepped and Blaced intnz 3¢ &hotea ayexneghtiflS-2Gbrspquat i on: |
Integrals 0.8-1.5ppnf (2(n-1)+1) ] % hydrophobi c substitution = X 100 10 |
Integrals 2.0-2.1 ppm/ 3]

The next day, the vial was removed from the oven and 100 uL (0.1 mL) of deuterium
oxide (99.6% atom-% D, Cat. No. 42,345-9 Aldrich Chemical Co.) was added to the vial.
15 After mixing, the solution was trans'ferred into a NMR tube using a glass disposable
transfer pipette. The sample was then analyzed to obtain a proton NMR spectrum on a
600 MHZ Bruker NMR instrument capable of operation in a moisture suppression mode

with accurate integration of peak signals.

20  Using the NMR spectrum of the enzyme-treated HM-HA sample, the hydrophobic
substitution level was calculated from integration values by adding together the integral
values for the 3 signals indicative of the hydrophobic residue from 0.8 to 1.3 ppm versus

the 2 to 4 signals at 2.0-2.1 ppm for the N-acetylmethyl group.

s The three signals between 0.8-1.3 ppm originate from the hydrogen atoms bonded to C,

to C_ carbons in the hydrophobic group, which contains n carbon atoms. The

hyaluronate lyase enzyme has no interfering signals in the hydrophobic group region or

the N-acetylmethyl signal region. Since the N-acetylmethyl group is on every repeat unit
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24 WO 02/ 36096 PCT/ USO1/ 44063 Exanple 12 The foll owi ng exanpl e
denonstrates the | esser stability of |ess preferred 5 viscoelastic agents
of the pmweg@emseopeiventi on. Conpositions anal ogous to thoserPof/USExangl es 1-6,
wherein the viscoelastic agent is replaced with either a 15% dodecyl ester-
HA, sodiumsalt (approx. 200 kDa) or 43% or 52% benzyl ester-HA, sodium
salt (approx. 200 kDa final, nodified viscoelastic) were prepared in
simlar manner to the nethod disclosed in Exanple 7. The conpositions were

| neubat ed ahne4n @R ik bUdbiUBiish ek Ray Bﬁgﬁgf}g%h W tothORRGY

al cohol (the breakdown’product's o respective ICc ester side

chai ns) Wag jgéani IvalRe 48 !thd @ﬁ%pﬁ@oi@%tﬁﬁ? t8f thaE 8 MRE NAOetydifn @ofp.ven

i ncubation tine, sanples were m xed w our vol unmes of acet ore, ich

caused pr qGeRifdre] iheltaRhilatibe ofahy dagebar isdstindiivn ¢F £CINIHARYstaeysaE @har i de
was 15 then centrifuged down and the supernatant was anal %;ted by GC for

t he preseftaighf chatrenorap elipt geavp [(@EH0ICH,Fas fits Aydiophglsir subgtityteet Widtlecy! or
benzyl ester-HA side chains would result in 70 ppm dodecyl al cohol or 400
ppm benzylcabbaotml bei givanttey thepguat@nant , respectively. The results are
disclosed in Table 6. 20 Table 6: Percent Hydrolysis of HA-Esters Stored in
Phosphate Buffered Saline at 4C Conposition Storage Tinme at % Hydrol ysis

4C 52% benzyl ester-HA 3.5 weeks 1.[8ntef3% ®8NZ3ppneiR1)+HH 9 Wweeks 5.0 43%
benzyl ester-HA I?)éc? V%E)ks 352% 15_%_dadac;d_esj_aL-_H§£&4ae_aks_6_%(la§%
HaDraphighag bstitutio

n—.
dOdecy1|o ester [ Integrals 2.0-2.1 ppm / 3]
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As illustrated above, hydrolysis of the conparative nodified viscoelastics
was 25 greater than 1% through various tine points. Because it is

desi rabl avéor3empecoel astic 25 WO 02/ 36096 PCT/ USO01/ 44063PCT/ORpIoRING3 ons t O
have storage stability (i.e., viscoelastic products typically require a two
year shelf-life expiration date), viscoelastics exhibiting the above
described rates of hydrolysis are considered to be | ess useful in
conpositions of the present invention. 5 Exanple 13 A 3% sol ution of benzyl
ester of HA at 50% carboxylic acid substitution (approximtely 200 kDa)
was prepared in phosphate buffer V\IiE{lalﬁ#illgm chloride and in
citrate/acetate buffer with bal anced saltsS. These sol utions forned
optically clear, viscoelastic gels which were easily aspirated through a

27 gauge need| These.sol utions ;10 had | ow shear Vi S&0Si td C ble to
Vi scoat (r) or Ep%vfgglgwg}g fé?‘fn]?]f. demonsiries omengets%frys‘tﬂﬁ%? aqfs?e%%nr%%eg shear
thi nni ng Viske1d3ieVagals pf e YresemaidvientiH. Zﬁ&nFosTﬂitﬁﬁealﬁmbg&Jb apsthebowsd a
significant drop in viscosity from approxi mately 200 Pa-s_at surgica

P |

t enper at uEsamplse) -6, whemiphe y1spelpwinaseriip sspiacgd avithpribyr a BAdedecyl gstes A 1%
| uti f . f . 3% i id i Lyt

Ot oni i A8 RN apfRkC 2o a3 G500 BORY leGipfA] SRSH Idaltt 1 On

(approxi nma repar in citrate/ acetate er wth
bal anced @pbtox. 200 KDer findl, sloddied viscoeheligswére pregandd onsimilai sanoéiutoi the

showed a conparabl e rheol ogical __profile to Proviscg(r) or \iscoat(r)
d a&ﬁ‘p&oﬁ&r‘?&b(gﬂyc 90

Vi scosi t ymsthodsisclosgd i Exsfaple 7 aklisscopmosifions Wgsy ge

Pa-s. She | 913 e93fe Hod by Hr St iNarBolt] SRRSbicdk ®fwn! Brodac - ofthe 20
5.4/ s 1§i sg%%‘li%yyg%aﬁgerbppe% to ggprroxe}f\&n%tzl yl 63(_Pa- s. At 3151&,‘ I OV\CI) sheear

Vi scosi t yrespactivenhydrefimbic 48erPaids. chainsy wasnguantificd hesag ¢he €4S méthod 89 Pa,
t he visco§it on'this formul ati on dropped from approxi mately 100 Pa-s at
25C to abbttiBs 8.5 at 37C Exanple 15 25 A 0. 75% sol uti on of the dodecyl

ester of HA at Akr 3% veRiRbYdiCtiRe] Ampisisdrt ikddWith IRRVeXimatdTlay¥etdhé) kDa)
was prepared in citrate/ acetate buffer with balanced salts to forma

cl ear, vi vbishl ecawsedprseipitatiomof thaipslyecaberidn The peasinitafedpalyageharide was
15 then centrifuged down and the supernatant was analyzed by GC for the presence of the
appropriate alcohol.
Full hydrolysis of the dodecyl or benzyl ester-HA side chains would result in 70
ppm dodecyl alcohol or 400 ppm benzyl alcohol in the supernatant, respectively. The
results are disclosed in Table 6.

20

Table 6:

Percent Hydrolysis of HA-Esters Stored in Phosphate Buffered Saline at 4°C

Composition Storage Time at % Hydrolysis
4°C
| 52% benzyl ester-HA 3.5 weeks 1.8
43% benzyl ester-HA 9 weeks 5.0
43% benzyl ester-HA 9.5 weeks 12.8
15% dodecyl ester-HA 6 weeks 6.8
15% dodecyl ester-HA 9.5 weeks 12.1

As illustrated above, hydrolysis of the comparative modified viscoelastics was

s greater than 1% through various time points. Because it is desirable for viscoelastic
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viscosity of about 25 Pa-s at 25C and was shear thinning to below 0.1 Pa-s
at 534/s. This formulation also showed a decrease in viscosity at constant
shear st me@e2/46b9d Pa) 30 from about 25 Pa-s at 25C t o aboR€T/HSHamuse3at 37C.
26 WD 02/ 36096 PCT/ US01/ 44063 Exanple 16 A 2% sol ution of the dodecyl
ester of HA at 14. 3% carboxylic acid substitution (approximtely 200 kDa)
was prepared in citrate/acetate buffer with balanced salts to forma

clear, thick solution. This sol ut.ion. (approxi patel c). s_autocl.aved at
1250 5 | oPORBOMOTSUO RRHLRBGEE MY &1 e el FAFE R B haue:
After cooklNgsHe-1ifE QPGSO ARRY, WiSsoecldifics| BxHIbikiaLitBe dbel@ideasdivenaueh of
viscosity'to yield a useful, Viscoelastic gel. Exanple 17 10 A 5% sol ution

of the hekpdielypls ae ¢amsidefedaabi dssy meefhlincempasiters ¢idhapeasentigrentiecadecy!
noieties ether linked to 5% of the repeati ng nonosaccharide units and at
approxi mately 100 kDa) was prepared in phosphate buffers wth sodi um

chlorigde. The solution was clear apdamprl13tatively formed a viscous gel.
15 Exanple 18 A solution of a 1 % o¥ 20% dodecyl am de of HA, sodium

0w :
salt with 3% &énBngeltion af Benzyhesserod kS0 sprhpediq acibnhshtption ow v

di ssol vin e . wt % of
2006 dodec i aRetsh i M i brend R ARbsRAT B QR OB BB dhddn™ 0T
di ssol vi ngitate/&lfatd wuffer wathoeatacedbdler Thessolhtiong f@thellvptisaitypdles, wer e each
transferred into separate 10-nlL _syringes and supjected 0 sses

t hr ough a Vgeglasigigels orHe vere eiaéﬂﬁ?l%’ﬂqal ﬂérﬁﬂg%g?ﬁ?\‘@e“@éﬁpﬁg\?fﬁ?‘ﬁ’&é‘ﬁuat e
m xi ng, Tlﬂgc}foWe%sviWs 'eg%%gwhlfaﬂﬁqg \;i&oﬁt@rm\f’?oﬁéc'@ fubad Elf.c.‘?nd aspirated
througl% a 2/- gauge nee 8 “onto 1t he sanple plate of a Bohlin CS- 10

Const ant  Shpe%indRlf Q08 Pel) and¥er! shgirahinnmgdiky Provivelsopeistoutfret 5°¢. obt ai n
plots of viscosity versus shear rate at 25C 25 for both samples. Both
sanpl es gdWhesesopuioanshoyyesosigrifican dimpsinyiscagpr Ban paperymaelyP90La-5 4 t he | ow

shear pl ats&ragyca{ {%g‘ipgpatﬁ)rfe (%1%)\(& 36 9§1-ista¥bg<%r t%Hl?)ersahﬁ@@ﬁ@s.e plot.

Example 14
15 A 1% solution of the dodecyl ester of HA at 14.3% carboxylic acid substitution

(approximately 200 kDa) was prepared in citrate/acetate buffer with balanced salts to
form a clear, viscoelastic solution. This solution showed a comparable rheological
profile to Provisc® or Viscoat®. Viscosity at 25°C and at shear rates below 0.085/s was
approximately 90 Pa-s. Shear thinning began at 0.24/s with a viscosity of 75 Pa-s. At
2 5.4/s viscosity had dropped to approximatelyl6 Pa-s. At 31°C, low shear viscosity was
only about 45 Pa-s. At a constant shear stress of 2.89 Pa, the viscosity of this
formulation dropped from approximately 100 Pa-s at 25°C to about 25 Pa-s at 37°C.

Example 15
25 A 0.75% solution of the dodecyl ester of HA at 14.3% carboxylic acid

substitution (approximately 200 kDa) was prepared in citrate/acetate buffer with
balanced salts to form a clear, viscoelastic solution. This solution showed a low shear
viscosity of about 25 Pa-s at 25°C and was shear thinning to below 0.1 Pa-s at 534/s.
This formulation also showed a decrease in viscosity at constant shear stress (1.1 Pa)

w0 from about 25 Pa-s at 25°C to about 5 Pa-s at 37°C.
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27 WD 02/ 36096 PCT/ US01/ 44063 Exanple 19 The following is a description of
the 10P Spi ke Model. 5 I OP Spi ke Model : The 1 OP Spi ke Model enploys (1) a
per fusi ow@ppaias us, punp and pressure transducer/recor deeT/@sodapésct ed
diagrammatically in Figure 7; (2) perfusion nmedium (3) dissected hunman
eyes; and (4) the viscoelastic material (s) to be tested. 10 1. Perfusion
Medi um The perfusion nediumused in the | OP Spi ke Mddel is prepared by
adding 5 nL of a penicillin-strept Ci | ution (10,000 units/nL
penicillin (base) frompenicillin MOOO gg/ mL streptomycin (base)

from streptonygj sw,syldish 8F iRMddeyBestilol At 1989 Gibdiylic 36id$lbsditutick0 o/ L)
to 500 nL of a cell culture nmedium (Dul becco's 15 nodified Eagle's nmedi um

| ow gl uco&ppragimately 2004694) was girepacad ineitaaie/2gspate buffer With pdancpd shltolicogi es,
Grand | sl and, .The . perfusion diumis.thenfiltere in ob00 nL
storil et e cigk tigiososfin A3iurte (BgR it ab oo s it Fatanc

bef ore, UK)abodDPmirdEY& RpERAS Bk aRd GRALBYSIEd R8BS0 Bfrabist! M itda@odifg toPi ke
Model must: 1) not be ol der than 24-36 hours post-nortem when prepared for

use in theamotiehperatine, the fempatbnastaisied] enowglewis¢asity toyistd awsfiders; iii) be
devoi d of HIV1 hepaii tis or other infectious agents; and iv) not have
under gone VBERHEFCEit geri es such as glaucoma filtration, scleral buckle
inplantation 25 or 1OL inplanation. Anterior segnment 7 (see Fig. 10) of a
human eye is prepared by the follow ng dissection nethod: The eye is
carefully trimmed of excess nuscl e Bxamplnkltive tissue using straight,

fine scissors NO. 4 | i J aining a
povi dohe i odi %%%%pﬁ}tﬁ%g 5 ft%%%%??&e%yll égg%nog)cglgts Q%%h?%gmg%%r(gﬁt%%t y 2

m'h nut es L llibxaade%ﬁ riufieﬁé&@thelﬁ Onkehmn\se6 Sf therrepdadng ﬂﬂhﬂ@cﬁlﬁrﬂb‘h iunhsh and atsed

t horoughly with saline solution, an 0si fione sy that the cornea 3 is
centered apProgmnatelydOpkha) wasprepared fuphqspiate gu&?rﬁ Jrithssogiim, phiowde. The

solution was clear and qualitatively formed a viscous gel.

15 Example 18
A solution of a 1.0 wt% of 20% dodecylamide of HA, sodium salt with 3%

chondroitin sulfate and was prepared in PBS by slowly dissolving at 50°C for two days.
Another sample containing only 1.0 wt% of 20% dodecylamide of HA, sodium salt was
likewise prepared in PBS by slowly dissolving at 50°C for two days. After dissolving

20  the samples were each transferred into separate 10-mL syringes and subjected to 100
passes through a dual hub connector to another empty syringe to provide adequate
mixing. The samples were centrifuged to remove air bubbles and aspirated through a 27-
gauge needle onto the sample plate of a Bohlin CS-10 Constant Stress Rheometer.
Rheological analysis was performed to obtain plots of viscosity versus shear rate at 25°C

25 for both samples. Both samples gave apparent viscosity values of approximately 90 Pa-s

in the low shear plateau region of the viscosity versus shear rate plot.

27



the sclera 5 is then scored (using a sterile ophthalmc crescent knife

(Al con No. 8065- 940001) with 24 evenly spaced linear cuts 9 extending
radi al | y woomsdobe | i nbus towards 28 WO 02/ 36096 PCT/ USO1pPd1/OS®@ /44063 oOr a
serrata (each cut not to exceed 50% depth of the sclera and about 5 mm

| ength) to open the episcleral veins and provide an exit route for the
perfusion nedium Referring to Figure 9b, the globe is then cut into two
hal ves al ong the horizontal plane 1& approxi mately m dway between the
equatorial plane 13 and the scl eral—%ﬁ@—%. The 5 anterior (top) half of
the eye is separated fromthe posterior (bottom) half which is discarded.
The antert ! : OV, ; ornea is facing down, and
resi dual q@ié{(;r]g}(gﬁgé %sé%%?gﬁ&é%rﬁt{lﬁ&ﬁ ?@%%eﬁom the anterior half using
G aefe forceps (Katena No. K5-4821). The zonules are then cut with Wscott
sci ssors (Kate l§o -4100) and the lens renoved fromthe anterior

segnmenf usi ng d orceps. Dressing forceps 10 (Katena No.. K5-4010)

are then used trge ITOPOYFikE Nolldli smplaRd(1h he pefhesion dppatu Fuhprand @Rdskdk! y cut
at the ora seratta with the Wescott scissors. Any residual pignment from
i nsi de t htrassduesrae¢agdertpsriepistashBagrainmatiedlly idfeguwe 7y (D aectpen nRdvaN(INg

anterior ,se t 7.is then rjnsed t 1i .\ e ion nediumto wash
out i gredbeeiiitlilen kB @ B3 Fgodb sHiSidS hPGEES) 55006

PCT/ US01/ 44063 3. Perfusion Apparatus The perfusion apparatus used in the
| OP Spi ke Model is a nodified version of that described in the perfusion

systems ofl. Jgufusion Mediumschunper and of Gark et al. (Johnson and
Tschunper, "Hu I : 8 Wo0ehiad s mP
mvest ! Gpht habiopt gt HelunBSRE SSRGS pRplel b RHARE S mi
" Dexamnet has o penicillidstespdor®peih aolutiyp €0, @0sind/mIn p &a cifllirs (base) Gront perecilliiuGan
Eyes," Invest,. hthalmol .  Vis. Sci.,. 36(2):478-489 (1995)) he critical
modi f i cat F’%‘iéotogf;tﬂgm& ﬁta?ptgwflarfgass} i S TR EAER TG @ﬂeo-%%{aﬁbg 3yol une
from aboutefafich QofftiohO(18PRYImE) B 306 ML §0aN&IE culhgdrhydidRPDubeRbR t he
vol une of "t he pseudophaki ¢ human anteri or segnment vol une, )
15 modified Eagle’s medium, low glucose, with L-alanyl-L-glutamine and pyruvate (Life
Technologies, Grand Island, NY)). The perfusion medium is then filtered using a
500 mL sterile filter unit (0.2 pm pore size) and stored at 4°C (brought to 37°C before

use).

2o 2. BEve Preparation

Cadaver eyes useful in the IOP Spike Model must: i) not be older than 24-36

hours post-mortem when prepared for use in the model; ii) be stored as whole eyes in
moist chambers; iii) be devoid of HIV, hepatitis or other infectious agents; and iv) not
have undergone ocular surgeries such as glaucoma filtration, scleral buckle implantation

25 or IOL implanation. Anterior segment 7 (see Fig. 10) of a human eye is prepared by the
following dissection method:

The eye is carefully trimmed of excess muscle or connective tissue using straight,
fine scissors (Katena No. K4-7440), and placed in a container containing a povidone
iodine solution (1% free iodine) at 25°C for approximately 2 minutes. The eye is then

s removed from the iodine solution, rinsed thoroughly with saline solution, and positioned
such that the cornea 3 is centered on top (see Figure 9a). Referring to Figures 9a and 9b,
the sclera 5 is then scored (using a sterile ophthalmic crescent knife (Alcon No. 8065-

940001) with 24 evenly spaced linear cuts 9 extending radially from the limbus towards
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10 and the inversion of the chanber during perfusion. The vol une reduction
is achieved by a protruding island on the platform of the chanber which
reduces meoypmee within the dome of the anterior segnmenpCuuSoistr0as d
prevent or reduce stagnation of the viscoelastic solution in the posterior
dead space, i.e. posterior to the trabecular neshwork. Turning the chanber
upsi de down (relative to the prior systens) during perfusion is believed to

15 prevenf, stagnation,of .the visco tic,fr.gmao i t he cagnneal
concav ¢ y et Site (e PEi PSR TR sk L ARARR B kS e g e R0

per f usandopdl BB RO Obihs @hd bisridechexat Rdtd Bt artbdrfusidhemediiac tRefeirigs t hat
concavity. Perfusion apg)arat us 1 is illustrated in Figs., 7, 8 and 10.

Appar at ustol Figire Shpithes gipbedis ther ecup intoyiwnbalves; alqng) thegherizastal j lapes1l 5

lurality_of scr 1 n t 01£0 i se
rteri or” SEERERERT i SR i chiutBf v AR R SRl I SOTRE 520
26, and camtabm(tog) hahannkd syd4s asshrdtéd fipnatiicopostdiforaftbttom) datfswhigh ishaped

and sized, to receive screws 10. Channe] 14 commupicates wth opening 28
of side 2@isagidedsFhppnigrionhalf isitamsd @ver so thatdhsermazisdace drwas ad Giidyal
openi ng 30: i I nd 16
are shapeglt%%gsslss?@ggg?%ﬁgly gcgtrpﬂ&!tv g‘gﬁ‘?’ (%)q/lch eﬁ#%%o@?h@%&g&é%g%‘ﬁ&% Sf(gﬁgerﬁel 14)
and accur NoeKpr482$) The neader @oiinn dut vithrEesca scisforp@dtasi No KediWnando and
from apparatus 1. QO(ﬁgl ng.,28 is.sized and shﬁg&d tfo recei a.fitting (to
be conne elﬂns} GMONF PBhthe aRLerion seemet Y518Rthiy O% %F‘ES?HSS PP HFPShaped
to recel Vg(%telfld 4 N 5-4310) bEreC AICGLES thO rdrh @RS UME Gikis) 1448 B -chdfdgd fist ti ngs
are standard connectors known in 30 the art to be useful for receiving

t ubi ng or cio¢uneferengibliyncirtiat she drarsesattapyitht therWestettseigsaraid dary wesidwal pageer? . has

side 34 and is conjcally .s ed and.sized to receive antgrior.se nt. 7.
si'and 6 PBt RoHEahT Puiph R dRRE R g il Thet Sefife ot R iRy

PCT/ USO1/ 446eht 7Re iR rired tWo Fingiss. with pbdusléh meiiuntlevash bet gigasntatibyreand -
permanent|ly situated on top 22 of base 2, and extends flush therefrom

| sl and 6 HKamnasgeny oferxsbrigont ains a portion of channel 14 and extends from

platform 18. Oring 8 has annul ar, concave interior edge 36 and a
plurality of holes 38 sized and shaped for receiving through o-ring
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5 8, screws 10. Edge 36 is sized and shaped such that, when apparatus 1 is
put in use, the conpression of o-ring 8 against base 2 sandw ches the

peri pher ywob2/adperi or segnent 7 between edge 36 and si dePGWUSH1/43bast f or m
18, form ng anterior chanmber 42. As described above, the volunme of
anterior chanber 42 has been designed by the inventors to approxinmate the
conbi ned vol unes of anterior chanber and crystallin |l ens of a hunan 10 eye

(general ly g;_)ogt =055; 6 r{Lg As shown in Figs. 8 and 10, cap 12 is shaped
and sized to= on of cylinder 4 and form ng cl osed space 40.
The preferred %Eféiéﬁﬂuﬁﬂn appahas weed 8f tHeh®H Shike Mbdet 1§V9<i|1%d1i%d VeBiBRl 61y a
pol ysul f one base 2, ol ysul fone island 6, a polysulfone o-' ring 8,

nyl on scr 8wt describgd tin éhﬁsp%rft@mm mtwﬁ Bﬂmswy pch Fechumperrand @élClgtkeeélal

channel s an and“ trans [ene 12. 4. enbl y
o B enalbinth SR pfimBR Aukha EBRL ARG YERCuRAR: Aion moRA

di sassenblzmszar@}phttmnbm%ylwuais 9415-1953 qn%@uaﬁzcwrlea et @L, cpé;chnﬁéthbhé zed
and then soaked in a | am nar flow chanmber with a sporicid

di si nf ect inicedQewlas Alypsiersion indteatusionoCniswed Hypaantysse rIﬂV@vhtOI?kth@léwl n
sterile deioni \Aﬁ?qg)“@iseﬁw 658 g H[acgl rg%lﬁz 1 t&‘a]\ I;%g&zsg?tle%i P%ﬁfeum I's

fed to punp, turn i s’ connec o T RTust on w | |
i nf use perddustiom ofrdd ¢hamiber omlgimecﬂmﬁrubbuﬂ% lahehll rd abauh @16 AR, toancre

transducer line 31 is cqonnected to, cali d pressure 25 transducer and
recor der BEBRHPRPIBYIMAL BledTHEME 196 (e é’é%%’rro ?3? Ra Spicaior spgpetfyolume, j g

then reasgg d@#e‘%ﬂvé}é’loﬁ bf e hANBGAURG JekfubioRIThE 'vél%ﬁq%%d@ét1099§£ﬁlﬁ&%d%§ and

30 to the usi on and transducer [ines, respectively. Apparatus 1 is then
ar ranged wiprbtradipg 2dandf (acthnglajﬁmnﬁmf énelcxhanﬂ;@gwbnh r@ducss heagpade wnthpl thef or m

Syt i o ¢ APBG G b amsraar Sabm R ab! Shetl oS R g e strna Ll RE e Seti
pl atform 3&utibh in i }ﬁ)s(e‘f{ﬁf géndl 58’ SDREOBOIAR G tY tHe BabddGRE tndshwélikd TRirfing
outer circunference and 0.710 36 inches in inner diameter) is then

pl aced ovére chasdernpside down i(rglaatl'rvrgm thenprierhastesis) dwingsperéusion elieygd: i
segment 7p{eQ/eﬁ’{ ﬁgénartign %\f?ljl 1|sgo%lfa%tlc %QDIX\QCQ%EQ 91? ?ne %&%%%ﬁé%ﬂ?g’as such
viscoelastic should be effectively mixed by the perfusand which comes out of the
elevated island in the direction of that concavity.

Perfusion apparatus 1 is illustrated in Figs. 7, 8 and 10. Apparatus 1 is comprised
of base 2, cylinder 4, island 6, o-ring 8, a plurality of screws 10 and cap 12. In use,

20  apparatus 1 also comprises anterior segment 7. ‘
Base 2 is disk-shaped having top 22, bottom 24 and side 26, and containing
channels 14 and 16, platform 18 and threads 19, shaped and sized, to receive screws 10.
Channel 14 communicates with opening 28 of side 26 and opening 20 of island 6.
Channel 16 communicates with opening 30 of side 26 and opening 32 of platform 18.
25 Channels 14 and 16 are shaped and sized in order to provide for the precise flow
(channel 14) and accurate pressure measurement (channel 16) of perfusion medium, to
and from apparatus 1. Opening 28 is sized and shaped to receive a fitting (to be
connected to infusion line 29) and opening 30 also is sized and shaped to receive a fitting
(to be connected to transducer line 31). The fittings are standard connectors known in
s  the art to be useful for receiving tubing or other cylindrical lines. Platform 18 protrudes
from base 2, has side 34 and is conically shaped and sized to receive anterior segment 7.

Island 6 protrudes from the center of platform 18.
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(a slightly different dianeter o-ring 8 nay be used in order to inprove the
seat). Screws 10 are inserted through holes 38 and into threads 19 and

ti ght enedvevssdoys t 0 ensure that o-ring 8 is evenly seat eBCT/AS010+4063ng 8 i S
ti ghtened onto the periphery of segnent 7, the flow applied through
channel 16 should be relieved, such that excessive pressure is not 5
applied to segnent 7 upon seating. Screws 10 are torqued agai nst base 2
such that the _periphery. of se nt .7.is tightly sandw ched betwee

pl atform 18 angeg-ni‘ Slp él,gsb%fm‘ﬂg@ Cyélbld?ri‘bFﬁ?%?"E%]gta“@éﬁﬁgﬁ?engyisét\aﬁﬁ(gf)ﬂr ed.
Usi ng syr{fogs of Basd US b cRRAH Mudts tHeRGFonPUSERAd ¢ Hé@g}%ﬁir@ﬁmn&lmzﬁﬂs whi | e
si mul t aneously pul || ng{ per fusi on nmedi um out channel 1 t hr ough openi ng 30,
sl anting bersien fshehnel Hak achyxtoudsbirers petderani 8wi Piring §has @nnddr, ronedyamber

are ol osnies ek phenh PRV ESAS R Ba RS Bl FE teoc BRI R cve

With top 82scrdvli(IIEEEs 36R%iZed dnd shiiRd sptinaRe vehvrappifaiuzdeis pht inl ixef by

form ng space 40. APparat us | is then inverted sqo that bottom 24 is_facing
up, and pEempigssion af pirare @ againgtbese 2 sendydchss the pe(ipheay P& potsEPhHIcRMeNh g

hum difie 9 / % ai s Lol i —and
I nfusi on E?tﬁltggigggéé%f?#%ﬁ%gf@?tﬁ]%i%ﬁgfgﬁﬁgéQP h%logg%?ﬁ%? 4t2 hégﬁiﬁg%bb%? or
door, soagsendlc tvolunee d&rmgeibr chamibem@de dhashbeen desigidr by she limsaathrs Roessur e

t d houl d be k | | with 1. 1 [ i

appar at s SPPETISR TG RY BRebal AR S RESRUNIeR 950 B
02/ 36096 Do ehitial perfusion: The perfusion line is opened
and th@ pl%)%(g(%%r%gfed %get?'iGng )'t6 for Harvard Mddel No. 944) so that

per f usi on nmedi AsishbewsinfFige|8yartdht(y egh 12 je shapgd 28d simtd dh aereste a pdrtiofled punp
is allowed to ryn il.th ressure rises to abouyt .5-10 h 5
Speed 1o evumerddndJomined ot spas f MR eeksied g tucn pordidhe i e TORogh o
7 is  perkpged by win etnﬁﬂam%lﬁﬁﬁfmm@e BI b P6lyk@IfrY iSiahd 6Na Qéllyfsﬂﬂﬁ)ne o-'

viscoel astic candidate. |f a sStable baseline at a pressure of between
10- 40 mm Hggi8snylon sexswsbl0, o tesspairerts palysulforsugydinder 4, medical steel channels 14

15 and 16, and a transparent polystyrene cap 12.

4. Assembly and Preparation of Perfusion Apparatus:

Prior to use, apparatus 1 is disassembled and the individual parts are autoclaved

or cold sterilized and then soaked in a laminar flow chamber with a.sporicidin

2 disinfecting solution (50ml/L water) followed by an overnight rinse in sterile deionized
water.

Referring to Figs. 7 and 10, perfusion medium is fed to pump, which in turn is

connected to infusion line 29, which will infuse perfusion medium through channel 14

and into chamber 42; and transducer line 31 is connected to calibrated pressure

2s  transducer and recorder capable of recording the pressure of chamber 42. ‘Apparatus 1is

then reassembled by first connecting fittings disposed at openings 28 and 30 to the

infusion and transducer lines, respectively. Apparatus 1 is then arranged with top 22

facing up. Anterior segment 7 is placed on platform 18, cornea side up. Slight perfusion

medium flow is then applied via syringe through channel 16 in order to properly seat

s  segment 7 on platform 18. O-ring 8 (which is approximately 1.5 inches in diameter,

outer circumference and 0.710-0.736 inches in inner diameter) is then placed over

segment 7. It is important that o-ring 8 seats well with segment 7 in order to avoid leaks
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the flow rate can be adjusted repeatedly for a perfusion volune of 2-3
each time until a stable baseline IOP is achieved. If the problemis not
resol ved won2/amet her 24 hours, 10 and subsequent fl ow rat pBCHOpust4n®nt and
flushing steps have not renedied the problem wthin 48 hours, anterior
segnent 7 should be considered unreliable and the perfusion term nated. 6.
Vi scoel astic injection and perfusion: 15 Once perfused anterior segnent 7

has generat ed stabl e baseline. | bet ween . 10:40 mm for a.period of no
ess than Crsteully SFSeRBEREH FEe THpRpey e n £t o T e SRspP B
is ready figrayrd faEertdli thRugh Beie8 38 ahiRheathichds $916#d Boiehdtl evebly RaGhed tBA
hours after initial perfusion. The Mddel is first validated with injection

of a "posbtring8 is evenlytseated. Preo-pingid isvighteoed prfo the perighary obsegmantethesodi um

e, . Cnadiy. SRRRE B, Saotil (G HTRY ol B ot ITER S RpEBRShERTRT

buf f er k ng agliddttb @Bgrhént 17 RnRRALIEs. Of Sdrbws $@ AR tottfuee raighigst et Btsucinthantier ei n
each 1 nL of the buffering solution contains approximately 0,45 ng sodium
di hydr ogeRetiphesy phsegmept 7 4% Hghtdy samdsched %me@mpia}ﬁ%r@g% orsipR S St mot3 ny

sodi um chl_oc. de - (w r. j eek | . i
et a1 i Cpfy it debeith Ois Eil) Uil aink R 1188, oftfyn 1680 B

i nj ect ed ittibagta chatbich@4 | whipe eimsliamkdaty pullingngerfitsioachrediuno owtiichannehl1ée
assenbly 33 on perfusign |ine 29, and nujti-valy assenbly. 33 is sw fched
to perm t trpesh SR 405 shaplins é@?euiesu% t{fé qqy&q-]ag)éﬁsi piesent 5 Ifﬁg'f"o‘?}‘t of
appar ag us cflamJBus. vid Bfanhat ﬁ.‘gﬁfﬂér%@ﬁﬁﬁb@é& Ha¥e HE4LHITLOL Sniindd'fs Ll £6 B

per f usi on. OP 1s continuously nonitored and recorded. Any | OP spi ke above
t he basel cheed @Ppersusith oiedamy dvvandppertisdeds theh retiengsot tevelewdhriop G2
results in an | OP spi ke of between 20-80 mm Hg above baseline within 24
hours of i#Hjf%%H on, the Mbdel is considered validated, and may be used to
test candi dat e dapanss tieaPcediocvePSIRTE! 4,herdBy Wehided SH00 G0 PAKpLISAL K063
Ceneral ly, transitional viscoelastic sanples may be injected in a single
anteri or $egmarertedl 39 that boiemolfe isdlgingrire epd (placed Ha & fissye quipecipgiatdsei ng
that of t ositi.ve. .control.x. .S | £ vi L£S..sh b ] dto
?]l%ﬁgrez rmeapﬁgllm%gﬁlgécﬁi?%ﬁﬁ%r%pﬁere (§‘%%2a a 53% a11$) zR%ﬂC. el“rglhgd'ﬂz:& ‘

one tefith
line 31 and infusion line 29 should be positioned against the seal of the incubator door,

so as not to be damaged or crimped when the door is closed. Pressure transducer should
be kept level with apparatus 1. In this configuration apparatus 1 is now ready to be used
in the IOP Spike Model.

20
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using the sanme buffering solution used to prepare the control sanple. A
stable and 5 acceptabl e baseline | OP should be reached before each new
i njecti owoaw3dopedi cated by the decline of any | OP spi ke pengsatad3by a
precedi ng viscoel astic sanple. If the baseline 10P is not regained within
the range of 10-40 mm Hg within one day, any further perfusion in a given
anterior segnent should be discontinued. As stated above, a transitional

vi scoel as%i ﬁ .of thg present invention (i.e. causing 10 little or no ICOP
spi ke) w i SI9/- average spi ke of 10 nm Hg or | ess above basel i ne.
Exampl e 20 A t rRO$kith@hRlinkii §Q>9@ﬁs’d’5£ﬂd3t&f pﬁrﬁ}? OPERERAN{scltiREEM’ fOR HatNard 2488,
43% substituted benzyl ester nodified p§b0m mat el y 200 kDal ) was

t est ed i nMddel NoP94hisk dhaitpetfosion mduéBcﬂOWﬁ W@J@me@@@ﬁ&r%@ ¢hgnpel e

D vy o o hotpeouhPeR IR A Ry feRabyt ol AL Ao RS Giebior] o

various i gieeatis @Aén dbé}b&@&lt@%oﬂlt andeAmwe(rsemﬁg 3320 pstdafiee csegtnreﬁtl THA,
injection 2 was 0.35% Fidia unnodi fied HA, and injection 3 wa 35%

AL- 12488, pafused ifpy v t¢ gbpud 2rpiouss PEPTetopmEECHPN j0f thf‘om?@lasmﬁéméf&@e?u dka

ndi cat e t t Onl
![ heI t rans% £ Slrlfg hé: gggé{esﬂ?e Bp%ﬁﬁ%ilig%{%@?@%}rﬁ %ﬂ nof g garﬁalt{(%?%drl ze%l 24;1%“’ Y
exhi bi ti nghelfldw ke Gdn bmadjmcbmpmcdlgsbﬂ digerfipicnevobinaevf 23 mhexckftiome wntilt he

| OP Spi ke Mddel is_not npre than, in fact is copsiderably |ess than,
About 10" AFARGE DIBBRGIQIG STl Trerpronies nokFpRat i mites Gkt

apprecj at g, { E\]ﬁ;se(id%ﬁt Aok AdL&svma{t a'%d%ﬁéﬁﬂl tg&eyasua% ﬂﬂtafeme%féd\/thé pesiant i c

for a partic step In rgi cal proceddre " wi || depend upon Such things
as the vivithoeh&dbis, sntemrcsgmea’t Vcsheuld\l@r@gneldmﬂemlmblmdgﬂw peviusionsi t vy,
pseudopl ast i CI ., elasticity, rigidity, adherence (coatability),

cohesi venE&y Fecul ar charge, and osnolality in solution. The

viscoel astic's suitabili ty will depend further on the function(s) which

t he viscoel asti c i's expect ed to performand the surgical technique 30

bei ng enpbayen : : 4s190 02/ 36096 PCT/ US01/ 44063 "An

appropy fat e’ bujgr p UL i e HILPORRRRG! € sccbRObHRLAF RSP rlen SO UM

10-40 mm Hg for a period of no less than 4 hours (perfusion rate at between about 1.75-

2.05 pL/min) it is ready for IOP spike studies. Typically, such a point is reached 24
hours after initial perfusion. The Model is first validated with injection of a “positive”.
control. The positive control is 0.5 mL of diluted sodium hyaluronate (approximatley
20  750kDal available from Lifecore Biomedical, Inc., Chaska, MN), which is prepared by
diluting one part of 3.5% HA in buffering solution to nine parts of the same buffering
solution, wherein each 1 mL of the buffering solution contains approximately 0.45 mg
sodium dihydrogen phosphate hydrate, 2.00 mg disodium hydrogen phosphate, 4.3 mg
sodium chloride (with Water For Injection, USP grade, q.s.) and has a neutral pH. The
s positive control of 0.5 mL diluted HA (0.35%) is injected into a tubing loop of similar
volume attached to multi-valve assembly 33 on perfusion line 29, and multi-valve
assembly 33 is switched to permit the complete sample volume to be flushed into
perfusion apparatus 1. Thus, the rate of injection is determined by the rate of perfusion.
IOP is continuously monitored and recorded. Any IOP spike above the baseline IOP is
s  observed and recorded. If the positive control results in an IOP spike of between 20-80
mm Hg above baseline within 24 hours of injection, the Model is considered validated,

and may be used to test candidate transitional viscoelastics.
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borate) may be added to the conpositions to prevent pH drift under storage
conditions. Because all or a significant portion of the transitional

Vi scoel asv® 053@P6 t he present invention may be | eft in theCPYsSOIAt4063he cl ose
of surgery, these viscoelastics are uniquely s adapted to serve the dual
rol es of viscosurgical tool and drug delivery device. Ophthal mc drugs
suitable for use in the conpositions of the present invention include, but
are not |lim teg to:. anti-glaucana f;\g@nts, 1such gs bet{a- bl ocker.s ipcl udi ng
tinolol, betaxdgFwirally.d B3 oyigfoelastiG sappIgY may; 05 fngested 1oy 3 jjpgly anterior

pi | ocar pi &gmeﬁ@@bﬁﬂeg at2HY diR$Reivalli Qhd B, inficash AN Hiab of thepati@rer gi cs,
muscarini cS, dopam nergic agoni sts, 10 adrenergi c agoni sts including

apr acl oni aintrel)anSeniple vowepelasiiss shotld be wilatadi to ongdenth she prigingldiongendiati®dl ones

such as ci prof.| oxaci nd anmi pogl ycpsi des_sugh as. tobr Ci

gent ani ci ngng?? 4qee E’Pg‘gﬁmgaﬁ@uﬁ?lg}%?dgﬁ PLEREYC ﬁlﬁfﬁ%%r’qg? ‘ﬁ&gag‘gnﬁ%ﬁe &dh as
supr of gn, acceptableibasiame I0PLsRHEIN B redchs®BEbRCcAMwtiRfetitdly ds Bdivatdddl the gr owt h
factors, such as EGF, i mrunosuppressant agents; and anti-all er%l c_agents

i ncl udi ngdesliopaf ady AP spilee gamaratest by @ precedmggvisepplastic prrarlentt the baseling or m of

a pharmac i.cal acceptabl e . i S , IR di ne
tartrate slscc)gf’t%?%ﬁ: o‘%’gﬁlgct.hééjg%%eoértq ?o@n%ﬂfl q?%glglﬁlg?lelﬁtq{a ?’n%tl on nmay
al so i ncl peeustAniiangvérogterivr sogthéahadld beldisgsntimedh as combi nations of (i)
a beta- bl ocker selected fromthe ?r oup con i of bet axol ol and

a.

) sistin
timolol, and (Ppytaedalayeagtiaputional yceelpdy ‘ffrtg?np HEPLGPYTIOR AN @EFIRG of
| at anopr og+, - 3 4 agle i ;
(es peé{’oal t;t/lelolg?l[) Tg%%fh% gv?g%&g%& fn %%&%ae]%?’% [ 3,159-%%?1 k@%%lggy% © F‘?B?ﬁ{?grrl%xy-
4-[3-(trifluoronethyl)-phenoxy]- 1-butenyl]cyclopentyl]-5-heptenoic acid,
1-met hyl ethyl ester); and isopropy,
[ 2R(1 E, 3R), 3S(42), 4R] - 7- [ t et r ahydr otmlﬁ@ chl or ophenoxy) - 3-
hydr oxy- | - but enyl ] - 4- hydr oxy- 3-furanyl ] - 4- heptenoate. In the event a

phar maceut i cal Aagaftidns] ae&dastio driike presargiihvaiiah, AL S8R AS1% Gabstiued 25
agents may have limted solubility in water and therefore ma%ﬂ(re@ui re a

sur f act anbengyl estariveedifiph Hépapproziraaely 2100 &iral) was teeed Brihe JOP iSpike Meihad

50, 00" andetBRLARNS e o Be DGR BEASARR Bl ahd 20GADA RS
NJ, USA); frexclidheXhe rasiltoof the biady agarpesémalgraplacalhoimerigii |1l e@heiarrotise art .

Such co-solvents are typical.l npl oyed at .a | evel qof from about 0 .01 to 2
30 wt . % PG e ¥erieys aleeiipin HEoPEAns ol 234 th YR OetF ERPRYC £08ERk Bhbe dye

to the  jniection 2 was 0.35% Fidia unmodified HA, and injection 3 was 0.35% AL-12488. All

injection samples were 0.5 ml in volume. The asterisks indicate the individual IOP spikes

2 resulting from the injections. Only the transitional viscoelastic (AL-12488) can be
characterized as exhibiting little or no IOP spike, as the spike observed therefor in the
IOP Spike Model is not more than, and in fact is considerably less than, about 10 mm Hg
above the baseline IOP.

Those skilled in the art will appreciate that the suitability of a given transitional

s viscoelastic for a particular step in a surgical procedure will depend upon such things as
the viscoelastic’s concentration, average molecular weight, viscosity, pseudoplasticity,
elasticity, rigidity, adherence (coatability), cohesiveness, molecular charge, and
osmolality in solution. The viscoelastic’s suitability will depend further on the
function(s) which the viscoelastic is expected to perform and the surgical technique

o being employed by the surgeon.
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vi scoel astic to inprove visualization of the viscoelastic during surgery
and/or to stain ocular tissue (especially the capsular bag during

capsul or veabx3dome cat aract surgery) for 35 WO 02/ 36096 PCH¢CTUSOAV44d46363

i mproved visualization of such tissue. The use of such dyes in conventional
vi scoel astics is described in WO 99/58160. Preferred dyes include trypan
blue, trypan red, brilliant crysyl blue, and indo cyanine green. The
concentration of the dye in the viscoel astic referra Iy be
bet ween about @namom@e@uﬁ@r S¥stexth (- S 1";5?@\“%'?92‘8133/ %P%ta\ﬁﬁt@ A 53

and 0.1 A Y @endifiofhdne art
t hat anyvgs0 ﬁ)fg% ??Q/dgd(kp’\ré]%lrén% gai?l?g%ﬁ%ﬁ%g Hdé-%)fhg&i&\sgtﬁdsée or dyes) may
only be enpl gyagdudeailidie stusifiant foiiin dftiytratsitioos] vdwsoelpstisnpihp pres@itect t he

et hods. gnveen gradetl Imilests bRt ShorvaTsa AR A0 10
vi scoel as&d Pred 4ot tﬂé‘}i}xﬁ%l@é b 8iceRkroiRsNEsIRRY dRip delb@sidvecar operti es. Those

skilled i recogni ze that the conpositions of the present

i nvention may (Dphthﬂnh@yda[gsmmmﬂde fors kid Inethesenngpositions of, theapresgnl IBYENEMR gi cal

procedures. G ven the advant.age each t c rgeon

may enpl ofe Tugeyr U Aze oS diiteds B @ ﬁ%&rpﬁ%g@s %uc % Bgéggéﬁ%{&f r%{l/égﬁ%@%n in a

singl e supgieal HRERAEHUISobetakdloichfedidle Mﬁﬁcyfmblla&m‘gr pilsdarpingakarbonic
vi scoel asti ¢ of the pfesent invention have not been previously disclosed

for use i mhydrage mitalstors. Qostag@@ms Ieratonersycs, mcma pﬁnplﬁer ggonjt

di scl oses_pet hads_whi.ch expl.oi t 05 §0 hit RN Sar@B b Bgents
vi scoef astTEETHP A&AY n‘é‘c §1§oe§g 1|l‘li§§‘prop‘gr?&lﬁg‘g gl?rl nan e| ven oeul ar

surgery, [gd Eigthﬁﬁbl&%@tsaéﬁ 8 @lf)rofwhao@b and emiinegbyqosides whmrtebrmnwn and

r ef er ence. exanple, for portlons .of surgi cal gnoced res II‘]V(%
phacoerml g¢1ﬁam1am, oren-stegaisiabrandl; sieigidel GRHiARfFEREoORh 2880ty Suchy A3, SHpto %nlfll’ ger Y,
is gen p bl £ Arg@fb%ﬁﬁ St mnfambf@tsu@pa§ms

reI atlvelg 8’ e%ee(g %f e%eg{glroc&){égdptaltgg nd rel fg{/el | esser cohesive

properti egnmﬁglu‘sbppmmeigaﬁm|andagb+aﬂﬁga:ragemteﬁ1®ﬂu®@g ﬂzlgpaﬁ%fk@ﬁ nlgorhigigcent "
SR T T e (L
agent. Al o) 0t GAmbRRAGRNAMAT @Rodium diclofenac. Composmons of the present invention
may also include combinations of ophthalmic drugs, such as combinations of (i) a beta-
blocker selected from the group consisting of betaxolol and timolol, and (ii) a prostaglandin
selected from the group consisting of latanoprost; 15-keto latanoprost; fluprostenol
2 isopropyl ester (especially 1R-[10(2) 2B(1 E,3R*¥),301,501}-7-[3,5-dihydroxy-2-[ 3-hydroxy-
4-[3-(triﬂuoromethyl)-phenoxy]—1—butenyl]cyclopentyl]—5-heptenoic acid, 1-methylethyl
ester); and isopropyl [2R(1E,3R),3S(4Z),4R]—7-[tetrahydro—Z-[4-(3-chlorophenoxy)-B—
hydroxy-1-butenyl]-4-hydroxy-3-furanyl]-4-heptenoate.
In the event a pharmaceutical agent is added to the transitional viscoelastics, such
s agents may have limited solubility in water and therefore may require a surfactant or
other appropriate co-solvent in the composition. Such cp-solvents typically include:
polyethoxylated castor oils, Polysorbate 20, 60 and 80; Pluronic® F-68, F-84 and P-103
(BASF Corp., Parsippany NJ, USA); cyclodextrin; or other agents known to those skilled
in the art. Such co-solvents are typically employed at a level of from about 0.01 to 2
© Wt%. It may also be desirable to add a pharmaceutically acceptable dyg: to the
viscoelastic to improve visnalization of the viscoelastic during surgery and/or to stain

ocular tissue (especially the capsular bag during capsulorhexis in cataract surgery) for

35



the greater the nol ecular weight, the greater the cohesiveness. Those
portions of surgical procedures involving manipulation of delicate tissue
are genemvaedby3doed t er served by viscoelastic agents that pop@eeig4ne atively
greater cohesive properties and relatively | esser adherent properties.
Such agents are referred to herein as "cohesive" agents. For 30 cohesive
agents such as these, which are being enployed primarily for tissue
mani pul ati.on or '

t . to. protective. ,
A R B e o S T A T Rl G S A o
the skill edqSEABRORH WO Y9836 hPredéirddR3/iRGRAS rHkall bigdlir-AHAG3d, lflﬂgﬁ‘ﬁt as a

soft tool to nmanipulate or support the tissue of concern durin )
surgi cal cesgbbloy, bl indo pyanioe resekn. Fohe ootteentrationcelethgsdecindle wissoelgdicch ar e

bei ng enpl d pr.i,mar il 0 rotecti.ve 0S "gdherent" agen as
oppoged W?S&%/lﬁ%% ﬁ\ghnﬁrﬁfeﬁé})&t F’%ﬁ”eg‘?’ﬁ%‘o%"e" ! Ogéqlg ﬁ%cfi%o%%‘l/gyamgmc?gts 'p?egg%@)y
Vi scosist y béwleen BB OV 1S£1@50. 1 WS fHbwéveRtit Will BEEpprecidte@ by tiRsskiskidled &y the Of

such agent to remain on the tissue or cells of concern during the surgical
step(s) battrifatpant srobelditiay haunacenical yagants) ca-§olverds. §f dyest mawn eBde 3, 000

cps to ab 09 ¢ t r . - , 9;}9(-

pr ef er abl %&%}q@?dg%glgbegﬁep @ %t g%gadgﬁfso?h%&g}%hga Za?%ﬁﬁhgggsﬁgglaﬁc ,r céepsa%fl e of
provi di ng thdwnipoeitioas ofe presehtiipvenpioayvi ousl y di scussed, yet are not prone
to 10 inadvertent renoval, which could jeopardize the delicat e?éi ssue being

protected. Unflbetmrhods ¢f thejnessahanvertem dndt plei BvalRebe 4551 Phygtisor
h h | e f : |1
such ag erv?sese%@%gg}g?pg@ﬁ% dpreég{t*aah@reﬁ Afcofilth rxgélﬁés.r%;&ggg@@&% fiRr a

such commercrl a ucts in cataract surger ematic for
sur geons, agmnillmegognirsthdt thencdoymsitmat eftheipsesepsinvigiongnaybbereplogetl byther aunma

during the renoval procedure..A significant advantage of the 15

transiti oﬁ]éﬁﬁlegg‘éréﬁcéﬂ&é‘t‘f%{yo‘?f%cagpé@gﬁ?re?'nvent ionis that they may be
left in the suigiGathe SdvaBtadbs LRtk of vidbaas, the ki¥oR iyl bfploy
unnecessary trauma to the affected soft tissues. Preferred nethods of the

present i rveaeus dscoglastic eampasitians of theeprefentrinventpinein a sisgle shugite] procpdire: gi ven
rurl o8 SURSCH B SURESDGRlph e OBLoc Sl BHSIAEERENTSL I b8, e, o,
a transit ipgsvddusly disclosed for use in surgeries, U.S. Patent No. 5,273,056 (McLaughlin et al.)
discloses methods which exploit the use of compositions employing viscoelastics of
varying viscoelastic properties during a given ocular surgery, the entire contents -of
which are incorporated herein by reference.
20 For example, for portions of surgical procedures involving phacoemulsification.
and/or irrigation/aspiration, e.g., cataract surgery, it is generally preferable to use a
viscoelastic agent that possesses relatively greater adherent properties and relatively
lesser cohesive properties. Such viscoelastic agents are referred to herein as “adherent”
agents. The cohesiveness of a viscoelastic agent in solution is thought to be dependent,
25 at least in part, on the average molecular weight of that agent. At a given concentration,
the greater the molecular weight, the greater the cohesiveness. Those portions of surgical
procedures involving manipulation of delicate tissue are generally better served by
viscoelastic agents that possess relatively greater cohesive properties and relatively lesser
adherent properties. Such agents are referred to herein as “cohesive” agents. For
s cohesive agents such as these, which are being employed primarily for tissue
manipulation or maintenance purposes as opposed to protective purposes, a functionally

desirable viscosity will be a viscosity sufficient to permit the skilled surgeon to use such
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vi scoel asti c possessing superior adherent properties is used in cataract
surgery, at the close of which sone or all of the transitional

vi scoel asw®02/3@9¢ eft in situ and causes little or no | OPPEDPURE/44T63e

i nvention has been described by reference to certain preferred enbodi nents;
25 however, it should be understood that it nmay be enbodied in other
specific fornms or variations thereof w thout departing from its spirit or

tial _characteris The _enbodi d bed abgv t her ef
Consi der cBEPh 408 P11 G0 PaprpEtiais B PrpREpbE SRR AREeR U b it e ©

scope of gtgﬁs hebdrimel ng i ndi cat ed by t he appended clains rather than
by the foregm ng description. 37 WD 02/36096 PCT/ USO1/44063 WE CLAIM 1. A
sterile, non-i kel etheratistoplagiic egrnits sehich atsising emplayebppmpslyngr arotgséivg mer i ¢

W <cosi {yP POt TR el of BEARET g AR E PRI o b Rl L fpfyiing shear

conposi t i agsiakiRividcbsitybwlll bd 4 @isedsityGuifidions Mﬁro&&&bé@ybﬂo@suﬂﬁbgdﬁt ed
| OP Spi ke Model. 2. The conposition of clali ei n the polyperic agent

i s sel ect Exromaghen theetissre op Celbnel eqricag @mngﬁw %@lﬁ@bﬁ@a@ yewsmfpgaed
pol ysacch@ﬁ@&éaﬁﬁymth%ﬁt;@ déb%g%()\%tc W a uft @@%o% ﬁéma):

di al yzed tes or m xtures o posi t ar ged

pol yel ect sf)t ¥deB anmsot@)r %&fef&%ly%ﬁﬁ%%ba% 00 ¢ ausaa%m&: hgdrtdige Wi th
cationic hydrophili po YITET'S; ysacchari des ang hydrophilic synthetic

pol yner s vaptahlet dn}pewdmgr the dne@eﬁmfungmﬂ pnemslarrhswsmin Yt aromot prcmn do

conbi nati on nposi tion la m2 rein

sol uti'®n Ig?e[n rﬁ“’?@?o ‘glﬁlg rco@ﬁ?sjgggqréhge aﬁ.heZg 10(51 t}ssli*ﬁvwh@gl@t pEOtf' gedabout
10, 000 Pagmforiimetedy, MiiS S8 EDariasisic r@efke@b@h&ﬁtwﬂ@@@nﬂﬂhdhb&ﬁt v12&>,e&@ﬁ)cs #. The
conposi tion of claim3, wherein the ﬁmi‘l’l c agent is a 20 hydr ophob| cally

modi fied Pl gashel Ty (8 apcomaended eSugh sapesseiaily v aidabls pmuc afdes,
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- subjected to trauma during the removal procedure. A significant advantage of the -
15 transitional viscoelastics of the present invention is that they may be left in the surgical
site at the close of surgery thereby avoiding unnecessary trauma to the affected soft
tissues.
Preferred methods of the present invention will employ the use of multiple
viscoelastics in a given surgical procedure, wherein at least one of such viscoelastics is a
20 - transitional viscoelastic. In a most preferred embodiment of the invention, a transitional
viscoelastic possessing superior adherent properties is used in cataract surgery, at the
close of which some or all of the transitional viscoelastic is left in situ and causes little or
no IOP spike.
The invention has been described by reference to certain preferred embodiments;
25 however, it should be understood that it may be embodied in other specific forms or
variations thereof without departing from its spirit or essential characteristics. The
embodiments described above are therefore considered to be illustrative in all respects
and not restrictive, the scope of the invention being indicated by the appended claims

rather than by the foregoing description.

37



thereof. 5. The conposition of claim4, wherein the polysaccharide is an
HA-am de 25 selected fromthe group consisting of octylam de HA,

dodecyl awae2sthos and hexadecyl am de HA. 6. A nmethod of peef/@sen43ge3 sur gery
on an eye, conprising (a) making a surgical opening in the eye to provide
access to the 30 interior of the eye; (b) instilling a viscoelastic
conposition of claim1 through the surgical opening into the interior of

t he eye; MOZ/ 36096 PCT/ US01/ 44063 (c) closing the surgical

openi ng. hod of claim®6, wherein the viscoelastic conposition has
a zero shear viscosity at 25C from about 5 to about, 10,000 Pa-s, and

wher ei n such vilscosi4 serils, rpacipdamentesy vigcoplagiciconposifine GOMRESINE Ansi t | onal

vi scoel ast | r 5 f . 21 t 37C

6 The moPPUEF Terhadad HRF KM i EHATHE R BBLARRWLiERE boThA | ¢

the pri okise¥@geTAURastaMmVaht X3PCl Akl Whes@ehasistdelBa0ROSbbIi Ao exlibits A
nmet hod of perform ng surgery on an eye w thout significant postoperative

i nt r aoeul YttlerawdPespiksi when tesierbin s vaiiglateddOPi Spaled Molelg i nto the eye a first
therapeutically effective anmount of a transitional viscoelastic, wherein
said transitional viscoelastic is a 15 sterile, non-inflammatory, aqueous
sol ution having. a zghe cshpadition 608t ¥, vieréih theegaymériv sgdaissehicted Fom and
wherein the transitional viscoelastic exhibits Ijttle or no I OP spi ke when
tested inthe g senststing pHhydyirkabigpidemodiiied elypacsBaidesof ng a second

ther apet Ligbboty Sl BRI GutTBL0 sk ARD; bRBASA ph9RRbhIYREOPLARKES O

remain in e close
w0 mixtures of oppositely charged polyelectrolytes; mixtures of polysaccharides or

mucopolysaccharides with cationic hydrophilic polymers; polysaccharides and
hydrophilic synthetic polymers with temperature dependent conformational transitions;

and combinations thereof.

15 3. The composition of claim 2, wherein the solution exhibits a zero shear
viscosity at 25°C of from about 5 to about 10,000 Pa-s, and a Viscosity Factor of about
1000 to about 20,000.

4. The éomposition of claim 3, wherein the polymeric agent is a
20  hydrophobically modified polysaccharide selected from the group consisting of HA-
amides, HA-esters, HA-amines, HA-ethers, HA-thioethers, HA-alkyls and combinations
thereof. |

5. The composition of claim 4, wherein the polysaccharide is an HA-amide
s selected from the group consisting of octylamide HA, dodecylamide HA, and
hexadecylamide HA.

6. A method of performing surgery on an eye, comprising
(1)  making a surgical opening in the eye to provide access to the
30 interior of the eye;
(b)  instilling a viscoelastic composition of claim 1 through the

surgical opening into the interior of the eye; and
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surgery; wherein said first and second therapeutically effective anounts
of the transitional viscoelastic may be the sane or different. 25 10. The
nmet hod ofw@bzsdw®, wherein the first therapeutically efferCTus01AFDGINtG of a
transitional viscoelastic is selected fromthe group consisting of. a
tissue protective effective anount, a tissue manipul ative effective
anount, and a drug delivery effective anpunt of said transitional

vi scoel astic; and m?greiq t.he secondltheta eutically effective anount of
said transitional Vi%coet'Qus (GSIraleqlORPURSt  om t he group consisting of. a
tissue 30 protective effective anobunt and a drug delivery effective anount
of the transitional viscoelastic. 39 WO 02/36096 PCT/USQ1l/ 44063 11. The
met hod of cl ai T 10, Thiveediod of plaim pawiteindha visppdessie lcamppsition st 3 5w

yclr ophoEAE YAeoBiAt 26 e 2 g s 8 el AtER0P € rld orein SR RE g b
consi st i NgkcRfas@aSWAtasast 0% Uvhef e sandByideldiiundeerd agyhpamide HA. 13

The nethod of claim12, wherein the surgery is cataract surgery. 10 14. A
met hod of chpnge &otmi abgub25°€ttalebditA7Ag. ocul ar tissue in an eye during surgery
t hereon, conprising instilling in the eye a protecting or stabilizing
effective anount of a sterile, non-inflammtory viscoel astic conposition,

wherei n the vigcoel @5 ingthof @FBRFH ¥l RReRMMthPklirgidal Sfdnfheds cRed ¢Rh&RIke when
tested in a validated | OP Sglke Model . 15 15. "A sterile, non-inflamuatory

transiti opradr expgensek ssndvel yisceglagiic comppsitiogn.ng a hydr ophobi cal |y
nodi fi ed pol ysaccharide in an aqueous solution, wherein the solution
exhi bi'ts a zero shear viscosity of at |least 1 Pa-s at 25C, and wherein the

zero shear Vi sgosit % Méthédef Fepfouhim sudesy 6ase sydwitAdutlsiasficand% when t he
solution undergoes a tenperature _change from about 25C to about 37C. 20
16. The cRABRPSIAIVEANLEHOCRIREPIFFSILR Spik® CAIATIBIRG: sol uti on exhibits a zero shear

(a) instilling into the eye a first therapeutically effective amount of a
transitional viscoelastic, wherein said transitional viscoelastic is a
15 sterile, non-inflammatory, aqueous solution having a zero shear
viscosity of at least five Pa-s at 25°C, and wherein the transitional
viscoelastic exhibits little or no IOP spike when tested in a
validated IOP Spike Model; and
(b)  permitting a second therapeutically effective amount of said
20 transitional viscoelastic to remain in the eye at the close of the
surgery; wherein said first and second therapeutically effective
amounts of the transitional viscoelastic may be the same or

different.

25 10.  The method of claim 9, wherein the first therapeutically effective amount
of a transitional viscoelastic is selected from the group consisting of: a tissue protective
effective amount, a tissue manipulative effective amount, and a drug delivery effective
amount of said transitional viscoelastic; and wherein the second therapeutically effective
amount of said transitional viscoelastic is selected from the group consisting of: a tissue

s protective effective amount and a drug delivery effective amount of the transitional

viscoelastic.
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viscosity at 25C of fromabout 5 to about 10,000 Pa-s, and a Viscosity
Factor of about 1000 to about 20,000. 25 17. The conposition of claim 16,
wher ei n twe ohig@p©phobi cal |y nodi fied polysaccharide is spCEUB@Ed4HE3OomM t he
group consi sting of HA-am des, HA-esters, HA- am nes, HA-ethers,

HA-t hi oet hers, and HA-al kyl s and m xtures thereof. 18. The conposition of
claim 17, wherein the polysaccharide is an HA-am de 30 selected fromthe

group consisting of _octyl am de, HA,. dodecyl am de .HA, .and _hexadecyl am de HA.
40 WD 02/ 360961 PCT/ @g‘éﬁ%ﬂwg‘@gd%@.lwﬂéﬁﬂﬁb eé‘ﬁ“iﬂ@@%?’ﬁf’?@a IGCGRPHSSn an
eye, conph¥%%?%¥ﬁaﬂbqﬁ&ﬁﬂ&ygA§urgicaI opening in the eye to provide access

to the in of "the eye; (b) instilling a transitional viscoelastic
t hrough the surgical opening 5 into the interior of the eye; and (c)

losing th i i ng.. 20. .Th t hod , of i.m,19 in.th
Cransi i1 onal - viZcoormbe FeBioRd ol Lo SnEise poropb M mSRE R 1 B o0
to about HO\ HR0isBalested BB hH BFRipofMSIMgVdfoetFirhie HA, dbAeseaskis Y, ald | east

50% when the transitional viscoelastic undergoes a tenperature change from
about 25Chexpda¢id @mid7EA. 21. The nethod of claim 20, wherein the surgical
opening is closed without the exogenous renoval of the transitional

vi scoel astic. 15 22. A nethod of perform ng surgery on an eye w t hout
significant postopdhahictd oficlavadl] aheRirets sirgespis kataracosmedrsi ng: ()
instilling into the eye a first therapeutically effective anount of a
transitional viscoelastic, wherein said transitional viscoelastic is a 20

sterile. non-ihl amonyy oARERNS. BPLUDiLiON oRBYaPsdle HPAPes\Riftlng T SCOST 1Y
of at Teast five Pa‘s gt?] %g ) an("-il %\/ner glirnnl séch \a}?scosﬁay © 5

surgery thereon, comprising instilling in the eye a protecting or stabilizing effective

amount of a sterile, non-inflammatory viscoelastic composition, wherein the viscoelastic

composition exhibits little or no IOP spike when tested in a validated IOP Spike Model.

15 15. A sterile, non-inflammatory transitional viscoelastic composition
comprising a hydrophobically modified polysaccharide in an aciueous solution, wherein
the solution exhibits a zero shear viscosity of at least 1 Pa-s at 25°C, and wherein the
zero shear viscosity of the solution decreases by at least 50% when the solution
undergoes a temperature change from about 25°C to about 37°C.

%

16.  The composition of claim 15, wherein the solution exhibits a zero shear
viscosity at 25°C of from about 5 to about 10,000 Pa-s, and a Viscosity Factor of about
1000 to about 20,000.

25 17.  The composition of claim 16, wherein the hydrophobically modified
polysaccharide is selected from the group consisting of HA-amides, HA-esters, HA-
amines, HA-ethers, HA-thioethers, and HA-alkyls and mixtures thereof.

18.  The composition of claim 17, wherein the polysaccharide is an HA-amide

o selected from the group consisting of octylamide HA, dodecylamide HA, and
hexadecylamide HA.
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decreases by at |east 50% when the transitional viscoelastic undergoes a
t enperature change from about 25C to about 37C, and 25 (b) permtting a

second tivoapawvé cal ly effective anbunt of said transitiPOBRUSM/B0Ee] astic
to remain in the eye at the close of the surgery; wherein said first and
second therapeutically effective anounts of the transitional viscoelastic
may be the same or different. 30 23. The nethod of claim 22, wherein the

first therapeuthcal ly efhggcygi v anmount of a transitional viscoelastic is
sel ected from the groBphed REPLITHENSFUIECTY i C0AEYSALPIRBSHE 36096

PCT/ US01/ 44063 pr ogﬁct | ¥k aff Lebdiva o%@ﬁlﬁglin R dyb SSpdviMR ek & fhye
effective anount, a a drug delivery effectivé anount of said
transitional viscoel asti mtergrebfilieegysi n t he second therapeutically
effective anmount of said.tr.ansitional viscoelastic i el ect fromthe
group consisting of ®a t?nsgéﬁglgﬁrt&né&o e '&°F g‘f‘i’ @Eou%ﬁﬁurgﬁ%d?c g
delivery effective anpbunintethdiifrior bf @eehé;imnal viscoel astic. 24. The

met hod of claim 23, wherein the transitional viscoelastic conprises

hydr ophobi cal | y nodi®)i edclasingtie gBgicgwenghod of clai m 24, wherein the
hydr ophobically nodifed HAis an HA and is selected fromthe group
consisting of octylam de HA, dodecyl am de HA, and hexadecyl am de HA. 26.
The nethod of gbai MTAS mieydedNtldilel Sswlh@einythé Bamskicvabeiscalusgehys a zkd 42

shear viscosity at 25°C from about 5 to about 10,000 Pa-s, and wherein such viscosity
1o decreases by at least 50% when the transitional viscoelastic undergoes a temperature

change from about 25°C to about 37°C.

21. The method of claim 20, wherein the surgical opening is closed without
the exogenous removal of the transitional viscoelastic.
15
22. A method of performing surgery on an eye without significant
postoperative intraocular pressure spike, comprising:
(a) instilling into the eye a first therapeutically effective amount of a
transitional viscoelastic, wherein said transitional viscoelastic is a
20 sterile, non-inflammatory, aqueous solution having a zero shear
viscosity of at least five Pa-s at 25°C, and wherein such viscosity
decreases by at least 50% when the transitional viscoelastic
undergoes a temperature change from about 25°C to about 37°C;
and
25 (b)  permitting a second therapeutically effective amount of said
transitional viscoelastic to remain in the eye at the close of the
surgery; wherein said first and second therapeutically effective
amounts of the transitional viscoelastic may be the same or
different.
30
23.  The method of claim 22, wherein the first therapeutically effective

amount of a transitional viscoelastic is selected from the group consisting of: a tissue
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protective effective amount, a tissue manipulative effective amount, and a drug delivery
effective amount of said transitional viscoelastic; and wherein the second therapeutically
effective amount of said transitional viscoelastic is selected from the group consisting of:
a tissue protective effective amount and a drug delivery effective amount of the

transitional viscoelastic.

24.  The method of claim 23, wherein the transitional viscoelastic comprises

hydrophobically modified HA.
25.  The method of claim 24, wherein the hydrophobically modifed HA is an
HA and is selected from the group consisting of octylamide HA, dodecylamide HA, and

hexadecyl amide HA.

26.  The method of claim 25 wherein the surgery is cataract surgery.
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