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FIELD OF THE INVENTION

Disclosed generally are formulations useful for increasing
polysaccharide gel longevity for cosmetic or medical applications, and related

methods of making and using same.
15 BACKGROUND

Polysaccharides are relatively complex carbohydrates. They are
polymers made up of many monosaccharides joined together by glycosidic
bonds. They are therefore large, often branched, macromolecules.
Polysaccharides, especially hyaluronic acid (HA), have been useful in

20 cosmetic and medical applications. These polymers have been used, for

example, as fillers in soft tissue augmentation.

Residing in the extracellular space, HA functions as a space-filling,
structure stabilizing, and cell protective molecule with uniquely malleable
physical properties and superb biocompatibility. HA matrices are extremely

25  viscoelastic while preserving a high level of hydration. A strong correlation
exists between the water content in the skin and levels of HA in dermal tissue.
As human skin ages, there are known alterations in HA content and
metabolism. With these changes, there is a significant deterioration in the

mechanical properties of the skin. There appears to be a relationship between
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formulations with increased longevity, or increased degradation time, in vivo.
This increase in degradation time is provided by the incorporation of
15 molecules that act as inhibitors to degradation. Further, the present
disclosure provides methods for encapsulating these formulations to sustain a
prolonged longevity or degradation time in vivo. The present disclosure also
relates to the preparation of gels that can have pharmaceutical or cosmetic

applications.

20 In one embodiment described herein is a polysaccharide gel
formulation comprising at least one polysaccharide selected from the group
consisting of hyaluronic acid, cellulose, chitosan, o-sulfated HA, dextran,
dextran sulfate, chondroitin sulfate, dermatan sulfate, keratin sulfate, heparin,
heparin sulfate, and alginate, and at least one inhibitor of polysaccharide

25 degradation selected from the group consisting of a glycosiaminoglycan, an
antioxidant, a flavonoid, a protein, a fatty acid, and combinations thereof. In
one embodiment, the polysaccharide is cross-linked. In one embodiment, the

at least one polysaccharide is hyaluronic acid.

In one embodiment, the glycosiaminoglycan is selected from the

30  group consisting of heparin, heparin sulfate, dermatan sulfate, chondroitin
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sul fate, o-sulfated hyaluronic acid, linamarin and anygdalin. In another
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a concentration of about 0. 0001 to about 1% by weight.

In one embodiment, the protein is a serum hyaluronidase inhibitor.

15 In another embodiment, the fatty acid is a saturated C1¢.2; fatty acid.

In one embodiment, the formulation further comprises a
biocompatible or biodegradable vessel wherein the inhibitor is inside or part of
said vessel, wherein the vessel is a liposome, micelle, or polymerized vesicle.
In another embodiment, the inhibitor provides the formulation with improved

20 rheological properties resulting in less extrusion force required for
administration of the formulation compared to a cross-linked polysaccharide

gel formulation.

In one embodiment described herein is a method of producing a
polysaccharide gel formulation comprising having an increased degradation
25 time comprising the step of: providing at least one polysaccharide selected
from the group consisting of hyaluronic acid, cellulose, chitosan, o-sulfated
HA, dextran, dextran sulfate, chondroitin sulfate, dermatan sulfate, keratin
sulfate, heparin, heparin sulfate, and alginate and incorporating in the

polysaccharide at least one inhibitor of polysaccharide degradation selected
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epoxypropoxy)ethylene, 1-(2,3-epoxypropyl)-2,3-epoxycyclohexane and

combinations thereof.

In one embodiment of the method, the incorporating step
15 comprises 1) encapsulating an inhibitor into a biocompatible or biodegradable
vessel and 2) combining the at least one polysaccharide and the vessel into a

gel formulation.

In one embodiment described herein is a polysaccharide gel
formulation with an increased degradation time comprising cross-linked
20 hyaluronic acid and tannic acid, wherein the tannic acid is present at a

concentration of about 0.0001% to about 1%.

In one embodiment described herein is a polysaccharide gel
formulation with an increased degradation time comprising cross-linked
hyaluronic acid and chondroitin sulfate, wherein the chondroitin sulfate is

25  present at a concentration of about 1% to about 40%.

Further described herein are pharmaceutical compositions
comprising a polysaccharide gel formulation, a pharmaceutically acceptable
carrier, and an active ingredient. In one embodiment, the active ingredient is

selected from the group consisting of anti-itch, anti-cellulite, anti-scarring, anti-



carrier, and an active ingredient. In one enbodi nent, the active ingredient
Is selected fromthe group consisting of anti-itch, anti-cellulite,
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Figure 4 graphically illustrates the extent of enzymatic degradation

of polysaccharide gels both with and without TA using a soluble HA assay.

Figure 5 graphically illustrates effects of CSA on the extrusion

force of a polysaccharide gel.

15 DETAILED DESCRIPTION

Described herein are polysaccharide gel (e.g. hyaluronic acid, HA)
formulations with increased longevity, or increased degradation time, in vivo
provided by incorporating molecules that act as inhibitors to degradation. In
some embodiments, the polysaccharide gels are cross-linked. Further, the

20  present disclosure also relates to methods for encapsulating these
formulations to sustain a prolonged longevity or degradation time in vivo. The
present disclosure also relates to the preparation of gels that can have

pharmaceutical or cosmetic applications.

One aspect of the present disclosure relates to polysaccharide gel
25 formulations comprising at least one polysaccharide and at least one inhibitor
of polysaccharide degradation. The present disclosure further relates to
increasing the degradation time of polysaccharide gels by incorporating
inhibitors to degradation. “Polysaccharide” refers to a polymer of more than

two monosaccharide molecules, of which the monosaccharides can be

5



I ncreasing the degradation tine of polysaccharide gels by incorporating

I nhibitors to degradation. "Pol ysaccharide" refers to a polyner of nore
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Inhibitors are typically molecules orders of magnitude smaller than

15 cross-linked polysaccharide polymers. Due to their small size and higher
diffusivity, they are prone to fast adsorption in vivo that could potentially limit
their performance. One method of increasing the local half-life of such
molecules in vivo is to chemically graft them to the polysaccharide polymer
network and deliver them simultaneously. One disadvantage of this method is

20 that the bound molecule may display significantly lower activity compared to
the unbound one. In the present polysaccharide gel formulation, the inhibitor
concentration can be in the range of about 0.0001% to about 99% by wt,
about 0.001% to about 75% by weight, about 0.01% to about 60% by weight,
about 1% to about 50% by weight, about 1% to about 40% by weight, about

25 1% to about 30% by weight, about 1% to about 20% by weight, about 10% to
about 20% by weight, about 20% to about 30% by weight 0.0001% to about
0.01% by weight, about 0.0001% to about 0.1% by weight, about 0.0001% to
about 1% by weight, about 0. 001% to about 1% by weight, about 0.01% to
about 1% by weight, or about 1% to about 10% by weight.



about 20% by wei ght, about 20%to about 30% by wei ght 0.0001 %to about
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hydrated state corresponds to an HA concentration that is less than about
20 ng/ m . site), sustained and controlled release of degradation inhibitors. This would
also allow avoidance of the natural degradation mechanisms. The present
15 encapsulation method provides a constant supply of degradation inhibitors to
the polysaccharide polymer network over a period of weeks. In other
embodiments, a constant supply of degradation inhibitors is provided over a
period of months. One method of encapsulation is to incorporate the
degradation inhibitors within the polysaccharide polymer network either by
20 adsorption or by an encapsulation process. In the latter case, the inhibitors
are allowed to mix with the polysaccharide network at a highly hydrated state,
followed by dehydration of the network to control the release kinetics (e.g.
final swelling ratio of the polymer). A highly hydrated state corresponds to an

HA concentration that is less than about 20 mg/mi.

25 The final swelling ratio can be controlled by adjusting the pH or
partially dehydrating the polysaccharide network. The contracted network can
be sized into particles, mixed with the polysaccharide gel and delivered at the
site of the injection. The slow re-hydration of the inhibitor-loaded
polysaccharide particles can provide a sustained and controlled delivery of

30 their active content.



The final swelling ratio can be controlled by adjusting the pH or partially
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15 surrounding solvent, sequestering the hydrophobic “tail” regions in the micelle
center. This type of micelle is known as a normal phase micelle (oil-in-water
micelle). Inverse micelles have the headgroups at the centre with the tails
extending out (water-in-oil micelle). Micelles are often approximately
spherical in shape, however, other forms, including shapes such as ellipsoids,
20  cylinders, and bilayers are also possible. The shape and size of a micelle is a
function of the molecular geometry of its surfactant molecules and solution
conditions such as surfactant concentration, temperature, pH, and ionic
strength. The process of forming micelles is known as micellisation and forms

part of the phase behavior of many lipids according to their polymorphism.

25 Another aspect of the present disclosure relates to a method for
producing a polysaccharide gel formulation having reduced degradation
comprising the steps of 1) providing a polysaccharide, 2) incorporating an
inhibitor into a biocompatible or biodegradable vessel and 3) combining said
polysaccharide and vessel into a gel formulation. This method of

30  encapsulation thus incorporates the inhibitors into biocompatible and

biodegradable vessels that could be delivered at the same time with the
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strength. The process of formng mcelles is known as mcellisation and
forms part of the phase behavior of many |ipids according to their
pol ynor phwermodAtsetdner aspect of the present discl osure peratSessosssas met hod
for producing a polysaccharide gel formulation having reduced degradation
conprising the steps of 1) providing a polysaccharide, 2) incorporating an
i nhibitor into a bioconpatible or biodegradabl e Ves%ﬁtm;ﬂﬂ3£9pé¥%$ﬁbping
said poly ' n ' I C % t hod of
tsgl?cgig%hgﬁdé‘. %u\éﬂ%@.lsel's%a?\ e g&b)wpgagéég‘él# ﬁ{:g‘?ﬁbaival Ay o

encapsul a us T ncorporates the 1nhi oconpati bl e and
bi odegr adaddvalaertlydimked tseiftassenitded enaletulee(ed. aticdlles, fposontesyandi t h

t heDocket: 18340 P FAC) pol.ysaccharijde, Such vessels can pe conposed of
non- coval e?ﬂjlyryeaze&eézpéﬁ34 §E|fﬁﬁ§@a* \eisra tergbtisad heiain ldetar 9.

m cel l es, A4 §%§q | j SANE 5 ' term
used herei l$nrbte g es @r\y@gﬁ 8 %%%r??é%& ?gst\é/\/ﬁf %ﬁg%ﬁlgﬁdéeﬁgég@% g?nﬁ%% an

pr e- exisst i orgaoizefd ctructrefarpatteam as rageotisegdesce ot spedfigrogaltinteractiass a
consequence of ecific Iocgl i nt eract Lonts%ﬁm)ng t he. conponents

t hemsel ves2M@Ng Hif EOBRPBRN) thaMseMESWIhRHE exiaind! diisftiAlvant age of t he
proposed formulation is the increased tune-ability of the fijnal product's
rheol ogi cal pr operdh @dditiengkadyantage pbiRasRiopREeH 8%'”@}5?%0& 3gheal 1y have high

Vi SCoSi ty AR RAAE aBMRP bOREARAE pfQ R s ke GBhicH IO R Bsd | e need! e.

Uncross-1lin pol ysacc I des are often use %)&)igcant's to facilitate
t hi s extr usiked piysaesbarid®gelsdypicalypbavahigh viscddttyderdmeiquirel | er s,

snct oot | R R E AT A b el MRS, ™
uncr oss- | i fiechddfatifed BReoft8F uSBE AsAGbGANtP EPRRIItARIhRI exthRiger mal fil ler

(for a fixed total HA concentrati g_‘r%, the | ower the degradation resistance
of the proerecessiHoweer, espeacially, indds deanabfiltess t ircrpssphokesiHAGoas peti on,

chondr of t1 1 RTETE e BertEpGoRyle Ml By VBRI BB B (o extend
t he | ongevirbys-#inked M ieeplated yamapess ket Hpabttugs tid ridatodicalal
15 properties of the dermal filler (for a fixed total HA concentration), the lower the
degradation resistance of the product will be. Instead, according to the
proposed formulation, uncross-linked GAGs that are also inhibitors to
degradation (e.g. chondroitin sulfate, o-sulfated hyaluronic acid) can be used
both to extend the longevity and improve the rheological properties of the final

20  product.

The polysaccharides described herein can be cross-linked or
uncross-linked. A cross-linking agent can be used to cross-link the
polysaccharides according to the present description. The cross-linking agent
may be any agent known to be suitable for cross-linking polysaccharides and

25 their derivatives via their hydroxyl groups. Suitable cross-linking agents
include but are not limited to, for example, 1,4-butanediol diglycidy! ether (or
1,4-bis(2,3-epoxypropoxy)butane or 1,4-bisglycidyloxybutane, all of which are
commonly known as BDDE), 1,2-bis(2,3-epoxypropoxy)ethylene and 1-(2,3-
epoxypropyl)-2,3-epoxycyclohexane. The use of more than one cross-linking

30 agent or a different cross-linking agent is not excluded from the scope of the



product. The pol ysaccharides described herein can be cross-Iinked or
uncross-linked. A cross-linking agent can be used to cross-link the

pol ysacchaioi2d@®7a3cor di ng to the present description. TireTarSe®s/0B45mki ng
agent may be any agent known to be suitable for cross-1linking

pol ysaccharides and their derivatives via their hydroxyl groups. Suitable
cross-1linking agents include but are not |imted topodker 1&€4amRrerAC)

1, 4- but anefbdntdighiysirdyin id'8mboalmédntd tH &03sAnRIRGAHRNPREIPIRES dpe of
| of ly K BDDE) ,

1, 4- bi sgl yci dyl oxybut ane, al whi ch are conmon nown as

1, 2- bi s(2,cneistx9BPPEXxy) et hyl ene and 1-(2, 3-
epoxypropyl) -2, 3-epoxycycl ohexane. The use of nore than one cross-1inking
agent or a differ dermal ditiersl gankbergsed émtreasmoderats ¢d seeereffacial t he scope of

t heDocket: 18340 P FAC di | . nmbodij , th
crose- || nfkeyed Tl it B RaROlabint S TS sngs B sitend fPrae can be
used tQ thRAL tEEaifRr$ Bf %Vﬁbﬁtﬁ).aBleﬁhaNﬁlie%bﬁﬁ b@@%él%ftﬂﬁarﬁ‘fﬁé‘t as

se to the corners of

nasol abi al folds (those l'ines that extend fromthe nOse e
t he nout h)incl@desHA, @i naturad complexesugaydhal bgistens skinasdasticy ueresidig aa nat ur al

conmpl ex sugar .t hat, bol sters skin ast.icity, providing a snooth and supple
appear ancanath ARt ek: ShRrdFbCe kR p a R e RgRen bR af T
whi ch agi madyamaterd etre wiicllaging caitlieplate. be injected with a syringe into
the md to deep dermis of the face. The derm s is the subsurface skin |ayer

that contains conweéwgl dl taHDe iRICYS ®itH NG é"iﬁt%Hh@Wﬁid%'de@ga”ds: and

bl ood vessels. Dermal f ers can 1 nprove the sKins appearance by lifting
and addi nglevoisuofethedacd el v derohieds thedsdhsiuface skirhlayer that nentaine ea.  Anot her
aspect of the gresent di scl osur.e rel ates %o PS8 rreticblcog&osi tli on

conpri si nGOPRECHEUSSYE: PEIVPHIUNGS i Sea] Andr Al glaidy i PIQOd ¥EREIPc carrier,
and an actpetthdl ABeRURNnprdle tkOSKIRS bppéaiande byBtirfhedbadimwvdinaeude but

are not limted to antioxidants, vitamns, and noisturizers.
to the wrinkles and folds in the treatment area.

Another aspect of the present disclosure relates to a cosmetic
15 composition comprising the present polysaccharide gel formulation, a
cosmetic carrier, and an active ingredient. The cosmetic active ingredients

may include but are not limited to antioxidants, vitamins, and moisturizers.

As used herein, "cosmetic" is an adjective referring to improving
the appearance of a surface or covering defects. Typically, cosmetic
20 compositions can be used to improve aesthetic rather than functional aspects
of a surface. Most commonly, cosmetic compositions are formulated for
application as a health and beauty treatment or for affecting personal
appearance of the body, for example, keratinous surfaces such as skin, hair,

nails, and the like.

25 As used herein, "cosmetically acceptable carrier” refers to a
material which is suitable for application to keratinous surfaces or other areas
of the body. Upon application, cosmetically acceptable carriers are
substantially free of adverse reactions with skin and other keratinous
surfaces. For example, the cosmetic carriers may take the form of fatty or

30  non-fatty creams, milky suspensions or emulsion-in-oil or oil-in-water types,
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As used herein, "cosnetic" is an adjective referring to inproving the
appearance of a surface or covering defects. Typically, cosnetic
conposi t iwaWAT343¢ used to i nprove aesthetic rather thaoTfuse@iBiosssas
aspects of a surface. Mdst commonly, cosnetic conpositions are formul ated
for application as a health and beauty treatnent or for affecting personal
appearance of the body, for exanple, keratinous surfgges 183@PASFAL) N,

hair, nall@loﬁ% did'6r Jelites: c&a?o.a@ne&dwsdu&m %a@aehs%%h;(s@msmab'e

carrier ers oarraterla which Ts suitabl'e for application to
ker at i nouspasies$,casresals, sulukle tabletisonstiackse body. Upon applicati on,
cosnetically acceptable carriers are substantially free of adverse
reactions wth skiAs ased bersin, emadlation/Sarsditdomepssitidrormay bepised t he

cosnetic carrlers taketh formof fatt n- f crearrs m | k

Suspensi orltGPNRIASADILAN Feler oarcomhmatm@eé?wg%@a&% gsoniegaso pCT

(FAC) lotig gétheﬁi%rsa gfvdng%drb *: rﬂﬁa@r wBPRASRh kO ktRle @fodfg or oily
sol ub ta

sol utions, pastes ros ets or sticks. As use erein,

"f or mul at i shift inathel artonposition" may be used interchangeably and refer to a
conmbi nation of elenents that is presented together for a given purpose.
Such terns are vveIAs kisesMhetein Mer‘f"erdtmey,"ah'dl"bccteptahle cartier" As used
herein, "carrier,” "inert carrier, acceptable carrjer” ri/eﬁjbe used

i nt erchang@amﬁt&?@'Ptﬁf@fﬂa@wé)'mw .@”Erm@ﬁr iRIYVINED Edbbe saMBiInGS ¢ he
presently mtmﬁ] E.Pe@e Fd‘s'é@lrﬁcﬂﬁ#%hahﬁgégﬁorym@ pwr‘bw&% &ddsipid ed

conposi tion ose o nary S recogni ze a nunber of
carri eres td:mnpmltnorweﬂhoslema‘mdi‘nary ahltnmth&quéwnf 're(cogeizeda aumbkaofraceut i cal

and/ or cosnet.ic tﬁﬁggosm n r aspect of t resent g cl osure
rel ates to°H"pia '&W? POWB |n(9ns;&ﬂﬁ§:rre§n scegy ‘Eaihari de gel
formul ati ognd/gr &@ﬁ@p@%bgglﬂoﬁgr r| er and an acti ve i ngredi ent. As used
herein, an active

Another aspect of the present disclosure relates to a
pharmaceutical composition comprising the polysaccharide gel formulation, a
15 pharmaceutical carrier and an active ingredient. As used herein, an active
ingredient includes but is not limited to a drug. A drug can generally be
defined as a chemical substance used in the treatment, cure, prevention, or
diagnosis of disease or used to otherwise enhance physical or mental well-

being.

20 Examples of active ingredients which can be included in the
present pharmaceutical composition are anti-itch, anti-cellulite, anti-scarring,
and anti-inflammatory agents. Anti-itch agents can include methyl sulphonyl
methane, sodium bicarbonate, calamine, allantoin, kaolin, peppermint, tea
tree oil and combinations thereof. Anti-cellulite agents can include forskolin,

25  xanthine compounds such as, but not limited to, caffeine, theophylline,
theobromine, and aminophylline, and combinations thereof. Anti-scarring
agents can include IFN-y, fluorouracil, poly(lactic-co-glycolic acid), methylated
polyethylene glycol, polylactic acid, polyethylene glycol and combinations

thereof. Anti-inflammatory agents can include dexamethasone, prednisolone,
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I ngredient includes but is not limted to a drug. A drug can generally be
defined as a chem cal substance used in the treatnent, cure, prevention, or
di agnosi swoho@visasse or used to ot herw se enhance physi ealr/useoosmostsas

wel | bei ng. Exanpl es of active ingredients which can be included in the
present pharmaceutical conposition are anti-itch, anti-cellulite,
anti-scarring, and anti-inflammatory agents. Anti-i b&dkef@832bPcearnd)ncl ude
et hyl suld@iﬁﬁwelteraﬂéh@un@esoﬁﬁu% WEtgear farabrizirted el iemirdd dent oi n, kaol in,
peppernint, tea tree oil and conbi nations thereof. Anti-cellulite agents
can i ncl ud®mhipalians thereadnt hi ne conpounds such as, but not linited to,

caf fei ne, theophylline, theobrom ne, and am nophy| | i ne, and conbi nati ons
t hereof. Anti-scarA bntysagrdmrkiecamhi acHides fowmd gaturallyuonmum)atis;slues of

20 1 oct e Rl )5 1B 5 LA 3 R0 G BBl o
agent s scans kiirbifie v&&@ﬁ%ﬁh@%ﬂed iéé?ﬁ%blﬁ;@h@ﬁ‘@td?@éﬂf@ fhe%%c"d%@u@gHA FAC)

corticoster one, budesoni de est rogen, f asal azi ne, nmesal am ne and
conbi nat i @@ heheseshin eye puﬂgsasxaﬁ@na@qrd@alﬁwmé@taWn sataaatisyrgental |y in

The”vi t  oatR ki pordeyY Bod g 3p Biir Pl bElFCFibebt bR S Thtd COF one.

targeti ng tbheSe oblcdanffitis DAtHRAKNdEE Saettltreatreytts sedlgeryisdd-. €., cor neal
transpl antation, cataract surgery, glaucoma surg erﬁvﬂ’?nd surgery to repair
retinal de&ua@lﬁmnt?tlom@rﬁsadéwwt@@é@&@CPu@&tofd@?@ % iRfQ thesknste jold knee.

Such g eatrnidndialbads Y asRRIRTRLALN T s PRlniataged as @ course

of inj ect ions | n and ar e “bel | eve nt the
viscosity Iotﬁnctdmagjtbe dinf, Icuslilpntr‘rgenhehymt uab'rd mﬁuo@gtdreamajge$lc effeshiloni ng t he

j oi nt, r I ng an anal ffect. en suggest ed t hat
LA has podiAS 460 BRBtiseRReRRdaRRHIAT s PaSME bigGReDIR SHSar & GLUBUS 1A has
been | at elgs)s Ugr 28 hf r@d\hBQ%@n'Iét%l;ﬁéﬁgfq@s'té/@fb@tﬁ%u@ﬁ%%fk%tn%éi%mnﬁ rated.
At present, there are sone prelimnary Clinical stldies that suggest that
oral adni mesdsdo iberdeshortratad. At pr@sent Jherefdre sonmmpreliminary clinical

15 studies that suggest that oral administration of HA has a positive effect on

osteoarthritis.

Due to its high biocompatibility and its common presence in the
extracellular matrix of tissues, HA can be used as a biomaterial scaffold in
tissue engineering research. In some cancers, HA levels correlate well with

20  malignancy and poor prognosis. HA is thus often used as a tumor marker for
prostate and breast cancer. it may also be used to monitor the progression of
the disease. HA may also be used postoperatively to induce tissue healing,
notably after cataract surgery. Current models of wound healing propose that
larger polymers of HA appear in the early stages of healing to physically make

25 room for white blood cells, which mediate the immune response.

A pharmaceutical composition can optionally include one or more
agents such as, without limitation, emulsifying agents, wetting agents,
sweetening or flavoring agents, tonicity adjusters, preservatives, buffers
antioxidants and flavonoids. Tonicity adjustors useful in a pharmaceutical

30  composition of the present disclosure include, but are not limited to, salts such
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osteoarthritis. Due to its high bioconpatibility and its common presence in
the extracellular matrix of tissues, HA can be used as a biomateri al

scaf f ol d WO 2009858637engi neeri ng research. In some cancer PCTHA2008084535
correlate well with malignancy and poor prognosis. HA is thus often used as
a tunor marker for prostate and breast cancer. It may al so be used to
nonitor the progression of the disease. HA may al sopB&eHsgshoresteRey atively

to induce 44 W%%té@ﬂso&‘i%ﬁ@r‘ul%n@étﬁta%&ﬁ@%n&é”rﬁﬁﬁ%tol@ﬂﬁ eﬁghnm)de' s of

wound heal 1 ng propose t |'ar ger nmers of appear Int arly stages
of heali ngartd)ot]hlayphaahageumaéy aocﬁptabhe tmhncttygatj]@(b&fscd?rbser\mhvem medi ate the
i mmune res 053 t Bnarnace f 03|t|on C ti on cIude one or
ore. sgent et the BRATRGT Al GmaSTRRTS tntrtioeRhetBin, geRie! wiBbut e

agents, swmtamaﬂnngeﬁfalkmuﬁf d:rﬂgr@%%]ﬂérobbféﬁo@thh‘né‘ébﬁﬁbﬁéﬁ yl rﬁél%’inﬁbvat i ves,
buffers anti oxi dants and fl avonoi Tonicity adjustors useful in a

phar maéeutaczeéaatecanwbewldnemunprmtr@ieeéémotmb_uﬂe@s and meanaive adtuﬂtmar e not

B e i T O

phar rraceutnnwd to, aceeps bhiferst eiiate buffed] pRbSsitate BuEers Mad bw@teusef ul in the
phar maceuti cal caonpositions described herein include, without |initation,

benzal konityieshl SiMirsly, entiexiganisamsful in phagnaseyticab samposiiens @re wellcet at e,
and phenyly Jar Cirhe arH%r'i@}n‘:‘clud\é%rfbp{ﬁarﬂ#poglﬁﬁluﬁ?ﬂ\éﬂ?@i?ﬁldl ngo@ﬂ{n‘tjsu ng pH can

be usedto prepare a pharnaceuti cal co Iron, 1nclu not limted
to, acet atthidsufféter acetyldysteiree, Huftylates, h){dnosy#mscdelauﬁfmmﬂamdd borate buffers.

Simlarly, antioxidants_useful in harnac I C tlons e well
onown | THETSOLRR! rERHads gre BoRAReds Ky mmanainat el Csoat um

t hi osul f atigowdret ryé@ab@ﬂs@eoermﬁbaéh Bto%ﬂew&an %HaémmIo%n@@#e tylated

hydr oxyt ol uene. Fl avonoi ds are conpounds found in plants that are well
known to r&ma&gmmeofﬂaveﬂo@samclbﬁmfmeal flaveshobm fllavanorzee amd f ect s.
Subcat egorﬂa%%ng:tnolfsl %’%ﬂ%lgg o{‘ ﬂac\lloun%?ds inclu enFuﬁéolfn %\é?gne%llﬁ ta}cwlggr\{tﬁ\nonse and
15 quercetin, kaempferol, myricetin, fisetin, isorhamnetin, pachypodol,
rhamnazin, hesperetin, naringenin, eriodictyol, homoeriodictyol, taxifolin,
dihydroquercetin, dihydrokaempferol, tannic acid, tannis, condensed tannis,
and hydrolysable tannis. It is understood that these and other substances
known in the art of pharmacology can be included in a pharmaceutical
20  composition of the invention. See for example, Remington’s Pharmaceutical

Sciences Mac Publishing Company, Easton, PA 16™ Edition 1980.

Some of the advantages of the invention are illustrated below using
examples which describe the preparation of an HA filling gel according to the
methods described herein, the preparation of an HA filling gel according to the

25 prior art and the degradation tests performed on those samples.

Molecular weight (M,,) as used herein refers to the sum of the
atomic weights of the atoms in a molecule. For example, that of methane
(CH,) is 16.043 g/mol, the atomic weights being carbon = 12.011 g/mol,
hydrogen = 1.008 g/mol. A Dalton (Da) is a unit of mass equal to 1/12 the

30 mass of ?O and one million Da can be notated as 1 MDa.
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fl avanonol s. Exanpl es of flavonoids include: |uteolin, apigenin,
tangeritin, quercetin, kaenpferol, nyricetin, fisetin, isorhametin,
pachypodoWQ 2o0va0meeszi n, hesperetin, naringenin, eriodictPolr/US2008/084515
honoeri odi ctyol, taxifolin, dihydroquercetin, dihydrokaenpferol, tannic
acid, tannis, condensed tannis, and hydrol ysable tannis. It is understood
that these and ot her substances known in the art oftg@ﬂ&mggghquwg@p be

included in a pharmaceutical conpogiiA@p gfqthe invention. See for exanple,
Rem ngton' s Pharmaceuti cal Sci encesxga'rku‘olri shi ng Conpany, Easton, PA 16th

Editi 1980. : - ' td RN ted bel
usi ng.exanpl es rR o 8Fa K PP GRL Abedidfnd RRRILRRAR Bisplosif e ° " "
di to th t hads. d i bed h in, .th ' f CHA filli
Gel according to { RESIPTYE ntmedeabracaardm iRt adiA SBateuflied on t hooe
sanpl es. Mol 24 Hghinl Wabet a 6Miegeelsiatodelifting bRtie &' bPabd\d 18om of the
atom c weights, of the atons in a nolecule. For exanple, that of nethane

(CHA) is 16WAEDEGRM® 24H\6 (Alleigien Inei, gnine, Salifagniedy drermixedwit 180Q Lhol |

mass ot 120 ARHCoR R ol st e svlrl BH indRE uBBlEe a0 ot
(FAC) EXAMWItE 10-RCpry ot dhondeditia stitatel A (C89. -3al, =A8,000di20000®@Dahe Present

Di scl osure_One to five grans of polysaccharide filler with a HA

concent r at 7 % Myxtupe isyerhanigay homogendedr ee of cross-linking and a G of
about 180 (JUVEDERMr) 24HV, (Allergan Inc., Irvine, California)) are m xed
with 1000 mM of a phosphate buffer (PBS) solution (pH-7) that is
suppl emented with 10-200 ng of chondroitin sulfate A (CSA - Mwv =

5, 000- k20, 000 DaPrepdration of artdA iFdlime Cehby ¢lad Pyodessoafene Peidr ABXAVPLE 2
Preparation of a HA Filling Gel by the Process of the Prior Art One to five
grans of pol ysacch@nede fivelgremsvaftpolysakéhamde Blidriveith amiA concentration

of 24 mg/mL, about a 6% degree of cross-linking and a G’ of about 180
(JUVEDERM® 24HV) are mixed with 1000 pl of PBS such that the final HA
concentration is the same as in Example 1. The mixture is mechanically

15 homogenized.
EXAMPLE 3

An Alternative Preparation of a Hyaluronic Acid Filling Gel According to the
Present Disclosure

One to five grams of a HA based polysaccharide filler with a HA

20  concentration of 24 mg/mL, about a 6% degree of cross-linking and a G’ of
about 170 (JUVEDERM® 30) are mixed with 50 pl of PBS solution (pH~7)

that is supplemented with 1-20 mg of tannic acid (TA - M,, = 800-4,000 Da).

The mixture is mechanically homogenized.
EXAMPLE 4

25 An Alternative Preparation of a Hyaluronic Acid Filling Gel by the Process of
the Prior Art

One to five grams of a HA based polysaccharide filler with a HA
concentration of 24 mg/mL, about a 6% degree of cross-linking and a G’ of
about 170 (JUVEDERM® 30) are mixed with 50 pl of PBS such that the final

14



of 24 ng/ L., about a 6% degree of cross-linking and a G of about 180
(JUVEDERMr) 24HV) are m xed with 1000 m of PBS such that the final HA
concent r aVv0an0Yw343ne sane as in Exanple 1. The m xture PETSeHSOBL5AS | y
honogeni zed. EXAMPLE 3 An Alternative Preparation of a Hyaluronic Acid
Filling Gel According to the Present Disclosure One to five grans of a HA
based pol ysaccharide filler with a HA concentr ati onpeéke4s3ay/FUT, (Fp,dgput a 6%

degree of I-‘FA%ﬁcér'xtF'é’tld?leétﬁé' sarfé a®ln BRANbIeIT 0 The WyiktrE4 mech@hicallg ni xed
with 50 m of PBS solution (pH-7) that is supplenmented with 1-20 ng of

t anni ¢ acihbniagenizedv = 800-4, 000 Da). The mixture is nmechanically

honogeni zed. EXAMPLE 4 An Al ternati ve Preparation of a Hyaluronic Acid
Filling Gel by the Process of the EXAMPIE®S One to five grans of a HA based
pol ysaccharide filler with a HA concentration of 24 ng/nmL, about a 6%
degree of crofseparakionof arldyauGnioAcidifoling 1I5€ ActoutiDgRvtg P8&serdr e m xed
with 5@ mM of PBS such that the fi rDik&oeket: 18340 PCT (FAC) HA
concentration is the sane as in Exanple 3. The mixture is nechanically

honogeni zed. EXAVRbfe gratheifaodiurg hnyur@étké&ib@fs)(NéHACm +0ld i 3gviBa)
According to the Present Disclosure One gram of sodi um hyal ur onat e f| bers

(NaHA, My isnuxed with vba)g ¢fst (ﬂ%@@dd%hyﬁr@ﬂ%sgwapn eddbainiiurg iy Bkt ta
sol ution (In}éq Mﬁh'e's |l eft to hydrate for 1-5 hrs. Flftytotvvo
hundred m |gr ans T: 4- but anedi ol di glycidyl ether (BDDE) are added to

the NaHA gel and tIpﬁy to)t(\kgli\ﬁmljrsednequarg aJ)f|1y4 butanedio! diglycidyl ether

10 (BDDE) are added to the NaHA gel and the mixture is mechanically

homogenized.
The mixture is then placed in a 40-70°C oven for 1-4 hrs.

The resulting cross-linked hydrogel is neutralized with an

equimolar amount of hydrochloric acid (HCI) and swelled in PBS (pH=7).

15 Ten to two hundred milligrams of CSA (M,, = 5,000-120,000 Da)

are added and the hydrogel is mechanically homogenized.

EXAMPLE 6

Preparation of an Hyaluronic Acid (HA) Filling Gel by the Process of the Prior
20 Art

One gram of NaHA (M,, = 0.5 -3 MDa) is mixed with 5-10 g of 1%

sodium hydroxide solution and the mixture is left to hydrate for 1-5 hrs.

Fifty to two hundred milligrams of BDDE (same HA: cross-linker
molar ratio as in Example 5) are added to the NaHA gel and the mixture is

25 mechanically homogenized.
The mixture is then placed in a 40-70°C oven for 1-4 hrs.

The resulting cross-linked hydrogel is neutralized with an

equimolar amount of hydrochloric acid (HCI) and swelled in PBS (pH=7) such
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honogeni zed. The m xture is then placed in a 40-70 C oven for 1-4 hrs. The
resulting cross-linked hydrogel is neutralized wth an equi nol ar anount of
hydr ochl owoco@ai7é43¢ HCl ) and swelled in PBS (pH'7). Ten ®POTiuse00808c12d
mlligrams of CSA (Mv = 5,000-120,000 Da) are added and the hydrogel is
mechani cal | y honogeni zed. EXAMPLE 6 Preparation of an Hyaluronic Acid (HA)
Filling Gel by the Process of the Prior Art One gramoédet Neddd HoWrAcP. 5 -3

MDa) is mmﬁfﬂth\@ftdalﬁpleoﬂcén‘traie%sgmél@amécysqwEi@arﬁ&blgIme 8pGidde m xture

is left t ydrate for 1- fty to two hundred mlligranms of BDDE
(same HA: hydsegellis meshamidadly homageniged. n Exanpl e 5) are added to the NaHA
gel and the m xture is nechanically honogeni zed. The m xture is then placed
in a 40-70C oven for 1-4 hrs. The EXAMPRIEJ cross-1inked hydrogel is
neutralized with an equi nol ar anount of hydrochloric acid (HCl) and swell ed

in PBS (pH'7) suchDodketymatRI2&gradati¢mrStdyt (Gdlotitmetrid Tedt) HA concentration
Is the sane as in Exanple 5. The obtained hydrogel is nechanically

honogeni zed. EXAMAR&sidtdnita\towinizgmiaegidededdationSfubky Hﬁcmhng gewtric Test)
Resi stance to enzymati c degradation of the HA filli 8 repared in
Exanpl es 1PrgRare 'nv@@r@m&ﬁlj‘a@%2u§’?ﬁ§vﬁh@t%ld§'§ﬁ t@yg?f 15%5 ®Hhetric assay.

Thi s assaedigidafft 1855 HHIRLE AR (RLABY t.m%{tsg@é ?g?eégbgg@gews?he HA

chai ns before an enzyna egradat i on 1-10
was added weighhef tHa IdArgblaas tbeforelﬁnd afier enngnatic 3é@atiatibmwed by 0.1 rri of a
0.8 M potassiumtetraborate solution and heating at 1000C for 10 m ns. The

sanpl es were suppl @p@0tidads (0.3 10l mg) was added to the HA samples for 10-
10 250 mins at 37°C followed by 0.1 ml of a 0.8 M potassium tetraborate solution
and heating at 100°C for 10 mins. The samples were supplemented with 3 ml
of a 10% (wt) p-dimethylaminobenzaldehyde solution in acetic acid and
incubated at 37°C for 10-120 mins. The change in the optical density (OD) at
585 nm post and pre-degradation was used to quantify the extent of

15 degradation in each sample.

The results of the measurements made on the filling gels prepared
according to the methods of the present disclosure and according to the prior
art shown in Figure 1 (Enzymatic Degradation Test Results (Calorimetric
Assay)) indicate that the OD values of the gel prepared by the methods of the

20  present disclosure (Example 1: 0.774-25.184 mg/ml CSA) are lower than that
of the gel prepared by the process of the prior art (Example 2: 0 mg/ml CSA).
Furthermore, the decrease in the OD values is proportional to the
concentration of CSA. Since the OD value represents the extent of
degradation, the results suggest that the gels prepared according to the

25 present methods display a 3-75% higher enzymatic degradation resistance

than the gel prepared according to the prior art.

Similarly to the case of the CSA supplemented gels, the OD values
of the TA supplemented gels prepared by the methods of the present
disclosure, as shown in Figure 2, (Example 3: 0.063-1.000 mg/mL TA) are
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of a 10% (wt) p-di nethyl am nobenzal dehyde solution in acetic acid and

I ncubated at 370C for 10-120 m ns. The change in the optical density (OD)
at 585 nmwpasw/Eass7pr e- degradati on was used to quanti fyPChaISeco8asts1Hf
degradation in each sanple. The results of the neasurenents nade on the
filling gels prepared according to the nmethods of the present disclosure
and according to the prior art shown in Figure 1 (Epgsertsssolegr@baetion

Test Resul ' j | Hy/ck i t he gel
pr apar ed. b e B e G B B 4 25164

mg/ M CSA)0 enggmiLoliiy. furdtrernioae, b devseaps inghe 2 valusp is ipeoperieeadldoof t he
prior art (Exanple 2. 0 ma. CSA).. rthernore, the decre in the OD
val ues is tb?&ﬁﬁ???%ﬁjﬂn ?ﬁéh@'%%%@n&ﬁa\fql%%r?ﬂreﬁgx.s(%%‘? ﬁé@”???g oD val ue

r epr esent syddigd8idre Nhe PésuieHiR@at PRt tHdgels Prebareduitdorfing thiele t he gels
prepared according to the present nethods display a 3-75% hi gher enzymatic

degr addt i aprepest dasoniption digplayhe 1§e90%prhigheranzymadicdagiaddiare prior art.

Simlarly tg.the ¢ | t of the TA
suppl orentEastaics B0 8 o BiyPefed HERMERE e Riior prt e et BenER, ) L
shown i n R ha TA(Haeapighed inHibits$ attivigOthamC 84 sTide idyehocigtaked340 PCT
(FAC) lower than that of the gel prepared by the nethod of the prjor art
(Exanpl e 48N ordqjomagnitudejesshameyptof {4 do @é@*@mswﬁet"ﬂ@b@n@a Wk i s

pr oportiorgéAto the concentration of TA. Since the OD val ue represents the
extent of degradation, the results suggest that the gels prepared accordi ng

to the present description displ ayEiA&@. @Q% hi gher enzymati c degradati on

resi st Ance than the gel prepared othe prior art. It can further
be seen that TA has a higher inhibitory activity than CSA since it

general |y takes an o&seymatic Degnadatith Stely (Soiubie HH A3gay)o obtain the same
i nhibition as with CSA. EXAMPLE 8

To further evaluate the enzymatic degradation resistance of the HA
filling gels prepared in Examples 1 and 2, a SEC-MALS (Size Exclusion Multi-
Angle Light Scattering) based soluble HA assay was used. This assay can be

15 used to quantify degradation by evaluating the percentage of soluble HA
(defined as the portion of the gel that can pass through a 0.2-1.0 pm filter)
contained in each sample. The change in the amount of soluble HA, pre and
post-degradation, can be used to quantify the extent of degradation in each

sample.

20 The SEC-MALS tests were performed using an Agilent size
exclusion chromatography system equipped with Wyatt light scattering and
refractive index units. Hyaluronidase (0.1-10 mg) was added to the HA
samples for 10-250 mins at 37°C followed by 0.1 ml of a 0.8 M potassium
tetraborate solution and heating at 100°C for 10 mins. The samples were

25 diluted in PBS, filtered through a 0.2-1.0 um filter and injected into the SEC-
MALS system. The soluble HA content before and after the enzymatic

degradation as well as their difference are shown in Figure 3.

The results shown in Figure 3 (Enzymatic Degradation Test
Results (SEC-MALS Assay)) indicate that the increase in the soluble HA
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Enzymati ¢ Degradati on Study (Sol uble HA Assay) To further evaluate the
enzymati c degradation resistance of the HA filling gels prepared in

Exanpl es woane/@343a SEC- MALS (Si ze Exclusion Milti- AnglPETIISQIS/0S5att er i ng)
based sol ubl e HA assay was used. This assay can be used to quantify
degradati on by evaluating the percentage of soluble HA (defined as the
portion of the gel that can pass through a 0.2-1 . Opgakef h83d48/PcTGRPAG)AI Ned in

each sanpl ntemﬁ)oghéﬁﬂﬁnéﬁb Hagﬁ‘ftaaﬁﬂ&ﬁ"is SgniichHty §rdafer F ehé@ABN-CSA

post - degradati o can be used to quantify the ‘extent of degradation in each
sanpl e. Thengignysiagples iThisdiffergreefiothe solubienhAdncrmgisedratween éhexcl usi on

Cndex unt (oM Apa e SRnaase RS i reehtbot wifbnd R R oun Bl iR Fo ' °
10- 250 m RYIFHmMEAE deraduiRmh s ahddudtfests had thé geltrephtst dcdoraipgr at e

sol ution and heating at 1000C for 10 mns. The sanples were diluted in PBS,
filteréd tothagtetaods of the weaentidiselesurgrihows 2 bigher degRAAIONSECMALS syst em

The | ubl e . . . i.c d dat i [

T bet 1 aepbarERIhET Ind G e AR A dding 6 MHABHERAC P an 1 R Gur o 5
Enzymat i De dat.i T R | t - VALS, As i i h h

| ner oase 1 the. s oHTBAEY FASSRERE Shi8JoPERPPISRS Mot en (S BLEt enzyna i c

degr adat i Qfagr&d&idhEicaaBlih YndE6RbRY HAGor dfeRe FA s fPKmEehRigigesianpl e.

This differénce in the soluble HA increase between the CSA and t he non- CSA

; anpl es i preparsidsheine methedsief the present deserintian (Exarpie Sol LR A%
e t |
rothodd of AT SraBEwelRar b L ole aulb EBarel BRI S55T P 1 ance

than the %{?E)(emm@léeﬁ @eapmi TW). t Phédeerasuitoaraiirt agi@emdmmith the t he case of

the CSA supplenmented gels, the post degradation increase in the soluble HA
cont ent ofCOﬂ(PfénfftNCs*U‘B‘g‘loérfé#'ﬁ'@a”é%q 9 bigBmaft e i UPermererdt ¢sHRe §8€Phe present

descri pti oy EAhE inhibitbr) Gaivity FOPA is an order of magnitude higher than
that of CSA.

15 EXAMPLE 9
Continuous Extrusion Force Test

To evaluate the rheological properties of the hyaluronic acid filling
gels prepared in Examples 5 and 6 continuous extrusion force tests were
performed on each sample. The extrusion force test can be used to

20 determine whether CSA can facilitate the extrusion process, by acting as a

lubricant.

The extrusion force tests were performed on an Instron instrument
using a 5 ml syringe with a 30G needle. 0.5 ml of each sample was extruded
at a constant rate of 50 mm/min. The peak force recorded quantifies the ease

25 of extrusion. The compressive force as a function of the compressive

extension for the two samples is plotted in Figure 5.

The results in Figure 5 show that the extrusion force recorded for
the gel prepared by the methods described herein is lower than that of the gel

prepared by the process of the prior art. This difference in the extrusion force
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ng/mL TA) is lower than that of the gel prepared by the process of the
prior art (Exanple 4: 0 ng/nL TA). These results are in agreenent wth the
col ori netwocoest7h3d summari zed in Figure 4 . Further nor @CTiUS2@8/0845¢5 seen
again that the inhibitory activity of TAis an order of nagnitude higher
than that of CSA. EXAMPLE 9 Continuous Extrusion Force Test To eval uate the
rheol ogi cal properties of the hyaluronic acid fillipggehsssprrenarad) i n

Exanpl es s aRdrdt&Mtic! N JiffFER &S intdel Rk @fedsBfider lWEaREE 9GEmRE tiit_each
sanpl e. The extrusion force test can be used to determ ne et her CSA can

facil it at g¢hel@SAxontaneshinpthegsd prefared byithg nagthads descrieatt herelieaelgt r usi on
force tests re. perforned.o | nstron instrunment using a 5 m syringe
with a 30852 r@%ng{r@tﬁgc"g?%égngsanpl e was extruded at a constant rate of
50 mm m n. The pea\g forc recor.dgd u réilifies t he ease of extrusion. The
conpr essi ve force 2RlEgS P 1¥5nin fcaﬂ?fg SRS RXRresSIhIHAN eSOt he t wo

sanpl e | %Pgﬂe%ﬁérﬁg, ;'sragggwys%cﬁ-asTm%,erc%.ﬂv&é hi? rEAdidheondRitRY, hhdsot he
extrusion rce recorded for the ge prepar%d by the nethods descri bed
herein is fodharsedliathe bpecifi¢ationeanybtlapnepeg tdbeyndersteodas beingf t he pri or

t. This diff in_ th i on, ket 1834Q PCT ( FAQ) .i
ohar act er i BpPEER i aR nsiebess Bhlre iRy abShEr RS el S i gest s
that the GRA epftad), 168 numdridal Salanistertsedoml in e sFidirdsiodemar i bed herein

acts as a lubricant that facilitates fl ow Unless otherw se indicated, all

nunber s exgitashedrminimsaarei apnsexiorationg tiatireay yanpienandingsPaudit as ol ecul ar
el ghtl’o re Csiﬂe@ébréﬁ%ﬂi}e%{s%@éhgf;ontge EBtafir%& B¥ H?eegrés@nf {r\%eﬁf?c?r?' M Ly and

cl ainms "are _ S berng nmodrfied in a I'nstances by the term
"about." Agast dhadloy as @l sssmptnediligsit 8 dgplichtios ofitheadyctrihdef nuneri cal

par amet er Sec;su(?\t/alggtrsttg triwg stcgge % ’?hcei élgi(r:ﬁast, ie%réhall'nrllJ(alneric:al parameter should at
least be construed in light of the number of reported significant digits and by
applying ordinary rounding techniques. Notwithstanding that the numerical
15 ranges and parameters setting forth the broad scope of the invention are
approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found

in their respective testing measurements.

i ” G

20 The terms “a,” “an,” “the” and similar referents used in the context
of describing the invention (especially in the context of the following claims)
are to be construed to cover both the singular and the plural, unless otherwise
indicated herein or clearly contradicted by context. Recitation of ranges of
values herein is merely intended to serve as a shorthand method of referring

25  individually to each separate value falling within the range. Unless otherwise
indicated herein, each individual value is incorporated into the specification as
if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples,

30 or exemplary language (e.g., “such as”) provided herein is intended merely to

better illuminate the invention and does not pose a limitation on the scope of
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attached cl ains are approxi mations that may vary dependi ng upon the desired
properties sought to be obtained by the present invention. At the very

| east, armioreoe9/@s43an attenpt to limt the application ofCrius2asosssifie of
equi valents to the scope of the clains, each nunerical paranmeter should at

| east be construed in light of the nunber of reported significant digits

and by applying ordinary roundi ng techni ques. Notw phskbamnsiso@ctrhipicyt he

nuneri cal thaRaRMhtidAGtRGIsEIBIMed N 1BAgh&gd h thRespacAraties 8RBuibd he
i nvention are approxi mati ons, the numerical values set forth in the

speci fi c epaspled asrrdicaling aey nas-grieedsieneat epsaiyiablethespracticaref i cal
val ue, however Lgherently contains certain errors necessarily resulting
fromthe § a5 Y%evi ation found in their respective testing nmeasurenents.

The terns "a," "an," "the" and simlar referent sed in_the context of
descr i bing the | nidRUPBIS R EEve FlpmentR oL SPad it O g VPRl
cl ai ms) aro@sél&ébeh&%ﬂ?éfélﬁ& tbbeCERfruRatds [riRatfdnsd Ut #h @f’b@ trhemplerr al ,
unl ess otherw se indicated herein or clearly contradicted by context.

Reci t at i ormay be sefgereddd aral clainetkingividuallymrie lapyicombinatibn witb@ther as a
short hand net hod of.,referring,individual t 0 each separate, value falling
W thi n- ¢ neheanae SyRPERER PR Biar Rttt helRE O BRERRRIR el vl e
i's incor peyrRt &nbre ﬁ\ehﬁ”tfér_§@¢élq]rb99?ﬂ1éy1b@$ndltﬁdéd ineF Belefst froAtal drvupeci t ed
herein. Al nethods described herein can be performed in any suitable order
unl ess ot Her iGasens pfireavestiencs ang/oppatantiabililys &Vbee any pueb if¢lugiPBOEd by

cont ext | iteidseo0huraike Apdofbhicy AT Red  cSHAIPHR droliBr4AGEIRES 9

"such as") provi er éi nten rely ett um nate the

I nvent i on thasifulfiisg thes writtee dastiigtidredfi ainMarkushegreappased otHeet . 18340 PCT
(FAC) the invention otherw se clainmed. No | anguage in the specification
shoul d be 3PHSEERLASHRIRS. i ndi cating any non-cl ai ned el ement essential to the
practice of the invention. Goupings of alternative el enents or enbodi nents

of the invention dretaipsmbasiments efrthisnpventiprparecdpssripgddesgini i it ati ons.

Each gr Ouﬁnaﬁgfﬂ‘arthe best mode known to the inventors for carrying out the invention.

15 Of course, variations on these described embodiments will become apparent
to those of ordinary skill in the art upon reading the foregoing description. The
inventor expects skilled artisans to employ such variations as appropriate, and
the inventors intend for the invention to be practiced otherwise than
specifically described herein. Accordingly, this invention includes all

20  modifications and equivalents of the subject matter recited in the claims
appended hereto as permitted by applicable law. Moreover, any combination
of the above-described elements in all possible variations thereof is
encompassed by the invention unless otherwise indicated herein or otherwise

clearly contradicted by context.

25 Furthermore, numerous references have been made to patents
and printed publications throughout this specification. Each of the above-cited
references and printed publications are individually incorporated herein by

reference in their entirety.

In closing, it is to be understood that the embodiments of the

30  invention disclosed herein are illustrative of the principles of the present

20



may be referred to and clainmed individually or in any conbination with

ot her nenbers of the group or other elenents found herein. It is

ant i ci patwo 200vat733mne or nore nenbers of a group rmay be POTIUSA@E/ 084515 or
deleted from a group for reasons of conveni ence and/or patentability. Wen
any such inclusion or deletion occurs, the specification is deened to
contain the group as nodified thus fulfilling the wpotdeensgi@sest ghcpn of

al | Mar Kushy&htRIR SOtHER thodifié At rRRRENARY be amployeairt lithi®tHeosddpnés of this
invention are described herein, including the best node known to the

i nvent or s thernentiopi nhusuby vway ofrexamplenbutarotad limitationaaliernalives on t hese

described enbodinents . .w ll be r 1.ho I ) i1l in
the art uSSRTBCLAIERS Qe PErEoBi NG s rnpek SiieRhD RiesBidh N ¢
skilled aft_bhélﬁiﬁgs hersinplARordifdly Vel e ensindsntididisait liafited tankat he
inventors intend for the invention to be practiced otherw se than

speci f iscal Rrgcigelycas shewnandidescrbedr di ngly, this invention includes all

nmodi fications and equivalents of the subject matter recited in the clains
appended her et o asSpegifi¢ embodipenisplisdasgdhewin mayrkeiusther imjteddnbi nat i on
of the abqye-described elenents.in_all possible variatipns thereof is
enconpass AiS PTG GROTRINGAf ALt eRBFSTLeFsritEly ol BHasR or of nervi se
clearly conhendisedas thy cRamb ewhether bk HitsdTer 8ddetlper amentefedt gAges have been
made to patents and printed publications throughout this specification.
Each of t Heangiipretesm'eansistieg ohcxlugdes 3y eleaenbuiiep certingreslientaot

i ndi vi dual L h i : e | L iJref Mo | N

ol osi g, 1PN RR8 lefe B Pandic e eE sl nd B Enity ITintts o

di scl osed therseope af @ dlaihugs that speeifieid mhterials ocstebe andfthbée that elwarndtDocket :
18340 PCTer%FAC i nyention. Other nodjficatiaons thaltE may. be enpl oyed are

wi thin t heN3tsigey sffechioe hasmhand Aovehrharaglerishgisht EabaRmeNtsiithnGot of
Lim tati onn@id El'a}fﬁeéi;éh’r‘é Erﬂ?r@ﬁﬂf@ﬁe%re&&? dRSEH5EY ahdéRBbleAn MY be

utilized in accoréc}gnce W
herein.
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teachi ngs herein. Accordingly, the present invention is not limted to that
preci sely as shown and descri bed. Specific enbodi nents di sclosed herein may
be furthewolzoewaeats7i n t he cl ai ms usi ng consi sting of or PamASCas®B41F ng

essentially of |anguage. Wen used in the clains, whether as filed or added

per anmendnent, the transition term "consisting of emg@qg;;@rwcﬂpﬁ\@?nt,
step, or ipgy&agjsnt not specified in the clainms. The transition term

"consisting essentially of linmts the scope of a claimto the specified

materials or st not £l t the basic and
novel char g‘ct erggtﬁl%%gfhggnigéﬁrﬂg%t@ﬁ CP@@H@#%S%HS%Cd ai red are
i nher ent | ypelysaoahaeige! selatted frohetheagrdup wabbkisdngef aiyaluRav&atid, 18340 PCT

(FAC) W claim 1. A polysaccharide gel fornulation conprising at |east one
pol ysacchaf§/iossechteza. - Siiateg "lj’r»é%ﬁ"@ﬁn@?’étfqm@mfﬁte’h%}@ﬂﬂr%'ﬁpc acid,

cel | ul ose, smﬂ@t{;,ﬁ&@wﬂtgﬁ %Hifét%t RQra‘ffﬁ"SLﬁﬁgé:thaﬂﬂ%ﬁérfh ﬁg#aﬁé‘,.t&wd chondroi tin

sul fate, derma ate, Keratin's epari n, parin sul fate, and
al gi nat e, algthate, drehat leastonenimhibitooof pblypatsieaidehdegrddatitrgseldeteidon sel ect ed
fromthe group, consisting of a_glycosjan nogl ycan, an antioxidant, a

f1 avonol d. TAMIREAIPYD canFisting Ofe iy CO3IA BBAHFHA AL ARITRAROR 9404 o

fornul ati of pRbtef, @l At} ackh @R8I ddnih&idi theasgharide i s cross-linked. 3. The

formulation of claim 1, wherein said at |east one pol ysaccharide is
hyaluronic acid. 4 . The formulation of claim1, wherein said

gl ycosi am 2dogl ythe fersuatiarcekelaim dnwhieeig seigdpdysadcharidg inerasediaked,
heparin sul fate, dermatan sulfate, chondroitin sulfate, o-sulfated

hyal uroni caact drnd iR, 81daf 96k sBid dNEalUHEpaL Qg ™ 4 -

wherein said gl ycosi am nogl ycan i s ndrorti
hyaluronic acid.

4. The formulation of claim 1, wherein said glycosiaminoglycan is
selected from the group consisting of heparin, heparin sulfate, dermatan
sulfate, chondroitin sulfate, o-sulfated hyaluronic acid, linamarin and

amygdalin.

5. The formulation of claim 4, wherein said glycosiaminoglycan is

chondroitin sulfate.

6. The formulation of claim 5, wherein said chondroitin sulfate is present

at a concentration of about 1% to about 40% by weight.

7. The formulation of claim 1, wherein said antioxidant is selected from
the group consisting of ascorbic acid, melatonin, vitamin C, vitamin E and

combinations thereof.

8. The formulation of claim 1, wherein said flavonoid is selected from the
group consisting of luteolin, apigenin, tangeritin, quercetin, kaempferol,
myricetin, fisetin, isorhamnetin, pachypodol, rhamnazin, hesperetin,

naringenin, eriodictyol, homoeriodictyol, taxifolin, dihydroquercetin,

22



6. The forrmulation of claim5 , wherein said chondroitin sulfate is present
at a concentration of about 1%to about 40% by weight. 7. The fornul ation
of cl ai mwWO 20#ven78i3m sai d anti oxi dant is sel ected from tReTgISeNs/083m3i sti ng
of ascorbic acid, nmelatonin, vitamn C vitamn E and conbi nati ons thereof.
8. The fornulation of claim1, wherein said flavonoid is selected fromthe

group consisting of luteolin, api genl n tangeritin, puek qgg‘iorpmk(@ggpf erol,
myricetin, d.ﬁy&%ka 're%r f?ﬂf'im@ta'cfb cﬁ%‘é sef f@ﬁm%ﬁrol@%@@&sﬁh.e

nari ngenin, erio onoer | o I ctyol, taxi
di hydr oquean;bcmmbmwbesihareeﬂo PCT (FAC) di hydrokaenpferol, tannic acid,
tanni s, condensed tannis, hydrolysable tannis and conbi nati ons thereof. 9.

The g ool ot AR ARl At B bR, o e

concentrati on of about 0.0001 to about 1% by wei ght. 11 The fornul ati on of

claim1, wherei Thefirthultiineofrclaien 8, Wﬁéltdm Bl tahAkR 636 & preBeRt 414 . 12. The
formul ation of claim1l, wherein said y acid is a saturated G O 22

fatty aci cconggntratien phaheowt.08@1 & abplaii Tv@lby weighher conprising a
bi oconpati bl e or bi odegradabl e vessel wherein said inhibitor is inside or

part of sajd vgﬁﬁf#eqrmﬁﬁrﬁ]ﬁ Sih1 VERERin b?ldiﬁrb{e‘?ﬁ%og\%ﬁrdmce”e or

pol ymeri zed ve rmul atron o erein said inhibitor
provi des saialurbordaskanhibitorr t h i mproved rheol ogi cal properties resulting in
| ess extrusion force required for admnistration of said fornulation

conpared tgQ a Ilnk d p(a] sac |de el t| on. f?g nmet hod of
produci ng @'pol th%lf’@ ec%fa'f’rbi %‘1':[%"?) gJﬁBYiagl 5 &SR e‘é\@‘i"??creased
degradat i qgttyiama_corrprl sing the step of: providing at |east one

pol ysacchari de sel ected fromthe group

13.  The formulation of claim 1, further comprising a biocompatible or
biodegradable vessel wherein said inhibitor is inside or part of said vessel,

wherein said vessel is a liposome, micelle, or polymerized vesicle.

14.  The formulation of claim 1, wherein said inhibitor provides said
formulation with improved rheological properties resulting in less extrusion
force required for administration of said formulation compared to a cross-

linked polysaccharide gel formulation.

15. A method of producing a polysaccharide gel formulation comprising
having an increased degradation time comprising the step of:

providing at least one polysaccharide selected from the group
consisting of hyaluronic acid, cellulose, chitosan, o-sulfated HA, dextran,
dextran sulfate, chondroitin sulfate, dermatan sulfate, keratin sulfate, heparin,
heparin sulfate, and alginate and incorporating in said polysaccharide at least
one inhibitor of polysaccharide degradation selected from the group consisting

of a glycosiaminoglycan, antioxidant, flavonoid, protein and fatty acid.

16.  The method of claim 15, wherein said incorporating step comprises 1)

mixing said at least one inhibitor with said at least one polysaccharide at a
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selected fromthe group consisting of a glycosiam nogl ycan, antioxidant,
flavonoid, protein and fatty acid. 16. The nethod o gl.ai{m @Cﬂ/{ﬂg&)e! n said

i ncor por aty; i %l J i or Wth
sai d o 1 gy 3haraniRetaRErcby Resblliatth salh ol RS adE TS 51

hyflr at edhsm;lyéﬁdchtarid«bl}:eemadpg;]daﬂb EagySr?!tidg ataid galss?mriidﬁhid_bgbm |t n ak

pol ysacchari net wor k, an .dehydrating said. polysaccharide networ

t her eby cotF??F Y Godrallingrelease HB?Q"L)/SSO%PnaI‘ gW&ﬁ rq rati o. 17. The net hod
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with an i n&frﬁﬁ’iﬁ?ﬁor‘?seg{e?g@ft.' on tinme conprising cross-1inked hyaluronic acid
and tannic acid, Wherein said tannic acid is present at a concentration of

about 0.0001%to about 1% 20. A polysaccharide gel formulation with an
i ncreased thgr aled mathod oEclaondbi siheic sagsintomdoeatiny steprcaomprisesi 1 and
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vessel and 2) combining said at least one polysaccharide and said vessel into

a gel formulation.

19. A polysaccharide gel formulation with an increased degradation time
comprising cross-linked hyaluronic acid and tannic acid, wherein said tannic

acid is present at a concentration of about 0.0001% to about 1%.

20. A polysaccharide gel formulation with an increased degradation time
comprising cross-linked hyaluronic acid and chondroitin sulfate, wherein said
chondroitin sulfate is present at a concentration of about 1% to about 40%.
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