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SPECI FI CATI ON 5 1. I NTRODUCTI ON The present

i nvention relates to corrp03| tions, conpriking a viscoelastic polyner and a
motic or nydriatic agent, which maintain the structural integrity of the
anterior chanber of the eye during ophthal nol ogi cal surgery, thereby

“ protecting the tissues that formand line the anterior segment from

; potential damage 10 and S|nultaneously

orOV|d|no sustalned delivery of a
motic or nmydriatic SONTROLEEDR REERBASKORPHARMACEUTICARS f or

conpositions wherein su I, Ed gl ease qf 1Ot | tic agent is
medi at ed by m crocapsul sﬂ—e%éélg‘y. (8] ,gw i nvention
further relates to conpositions conprising a viscoelastic '

pol yner - anest hetic conpl ex which maintain the integrity of the anterior
chanber of the eye while 15 provi dSPECHISIATITION delivery of a
non-infiltrative anesthetic. 2. BACKGROUND COF THE | NVENTI ON Mai nt ai ni ng t he
integrity of the anatonic conponents of the eye facilitates the delicate

mani pul atd ons, perfornmed within s m pht hal nol ogi cal surgery.
20 é One conponent Wnn? 6@2"%ﬁ¢@§0| led is the anterior
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WO 98/ 4111(7 1 and simultaneously providing sustained delivery of a miotic or mydriatic agent. The
PCT/ US98/ 05320 2 met hyl cel l ul ose, and nethyl cellulose, into the anterior
chanber pr egpsest mgnmﬂg@prowdes for compositions wherein sustained release of a miotic

(@) D

or mydriatic agent is mediated by microcapsules or copolymer micelles. The present
invention further relates to compositions comprising a viscoelastic polymer-anesthetic
complex which maintain the integrity of the anterior chamber of the eye while

15 providing sustained delivery of a non-infiltrative anesthetic.

2. BACKGROUND OF THE INVENTION
Maintaining the integrity of the anatomic components of the eye
facilitates the delicate manipulations, performed within small areas, of
ophthalmological surgery.

20 One component which may be controlled is the anterior chamber of the
eye. As shown in Figure 1, the anterior chamber is located between the cornea and the
iris. Just posterior to the iris is the lens, which is interposed between the anterior
chamber and the larger vitreous chamber,'ﬁlled with vitreous humor. Maintaining the
structural integrity of the anterior chamber minimizes the risk that the endothelium

25 and/or the iris will be damaged during surgery. The introduction of viscoelastic

materials, such as sodium hyaluronate, chondroitin sulfate, hydroxypropyl



from col | apsi ng during surgery. Another conponent that may be controlled is
pupi | sizewdwg/ang cataract surgery, it is desirable that th&GRPFS/ER0
dilated, so that access to the lens is 5 sinplified and the insertion of a
posterior chanmber inplant is facilitated.5A variety of nydriatic drugs,
such as atropine (a cholinergic blocker), phenyl ephrine (an adrenergic

stinul ator), d st agl andi.n . nhibi to | | ,
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di rect i nt r cuflrenergin stimuldton); andprestaglandivinhibitexsdraye berst wsed in this regaed, @nd

car bachol do not .provide | an rmeffects and often,require frequent
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admi ni st nat i simallep ("rhiotict)gripil is desitably, imokieptry redudd eisdraumadevoidanteridevi ce
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of ocul ar surgery. Topical agents have been enployed to anesthetize the
cornea and c{shplinestarase inhibitors)have beenjused fordbisipsepasehas been used to create
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medication. Even the direct introduction of miotic agents such as acetylcholine
chloride or carbachol do not provide long term effects and often require frequent
repeated administration into the open eye.

20 Previous attempts to achieve long-term maintenance of effective drug
levels have employed sustained drug delivery technology, using systemic or
transdermal administration, or ;he positioning of a bioerodible drug delivery device
external to the eye. Such methods have been used primarily to control intraocular
pressure in glaucoma patients. However, prior to the present invention, no method has

25 been devised which combines sustained mydriatic or miotic drug delivery with
maintenance of the structural integrity of the anterior chamber.

Local anesthesia has been the mainstay of ocular surgery. Topical
agents have been employed to anesthetize the cornea and conjunctiva, and infiltrative
anesthesia has been used to create sensory anesthesia and motor akinesia necessary for

30 eyesurgery. When injected into the muscle cone, these agents anesthetize the ciliary

ganglion, afferent nerves and the motor innervation to the extra-ocular muscles.
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vascul ar trauma, is a potential conplication of this form of anesthesia

whi ch may preclude perform ng the surgica procedure. Mre rarely,
perforation of the gl obe, optic nerve danage, and even total visual |oss
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anesthetjcs directly placed into the anterior chanber have been used in
thi s cont®xtowmnsks, such as chemosis,jyybcopjunetival ar sultenpns hiemosthagpard ¢ may be
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not be abl e hanipgléhi@di tional material with safety. Further, conventional
anesthetic solutions typically exit the eye pronptly, through the surgical
site, through normal oWith tbevadyentofextracapshlateatarget surgey asd prinhdrpry body
surfaces. 25 . What | d be desirahle is a,systain rel ease
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with the eq lRaF’PfJBﬁ Pﬁ?ﬁ?eﬁr‘ﬁﬁﬂalbéamtqdhMﬁ%n'@lnstlﬁéh%mrﬁ@ﬁpﬁ%ﬁﬁvqnhe

exi sting i ongil BalliGlENanid iMlifced by iris manipulation. Intracameral anesthetics directly

placed into the anterior chamber have been used in this context.

o

20 ' The use of intracameral anesthetic may be effective, but may require
frequent instillation of anesthetic, particularly at times when the surgeon is involved
in other steps and may not be able to add additional material with safety. Further,
conventional anesthetic solutions typically exit the eye promptly, through the surgical
site, through normal outflow channels, and through iris and ciliary body surfaces.

25 What would be desirable is a sustained release system which maintains
anesthetic presence and simultaneously reduces the surge effect of intracameral
placement and immediate loss through the aforementioned pathways. What would be
further desired is a drug delivery system that achieves duration of anesthetic release, a
more uniform release of the anesthetic over time, and control of osmotic pressure

30 associated with the equilibrium formed between the ions of the anesthetic and the

existing ions in the eye fluids.
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3. SUMWARYwdosldtizil NVENTI ON The present invention rel ates toPCBUSS¥NIBRBNS
whi ch may be used to maintain the structural integrity of the anterior
chanber of the eye and to provide sustaiped release of a motic or
nydriatic agent and/or an anesthetic conmpound. In 5 various enbodi nents of

the i nvention, conpositions,o i | ' a viscoel astic
pol ymer, wherein sustai ned ?e%ghﬁwwmlwgmt i c and/ or anestetic

' agent is nediated by rqRisreseht iaveRtidnGERteshtd chitpbibnSWARN MBHS usd the

" invention, sustained rel éase of a motic, nydriatic and/or anesthetic agent
i i s medi at ednfajntainche stayctudabmtegrity opthe\anterionchahberof theeyesand togravide

enbodi nents, the conpositions, of 10,  the invention maé‘pbe used to ?rovi de

both rapid Festainedrelfasepha miotiornydristic ageny Md/onaangethetic sopaReunds Ife| | as

| y t e d | -, T. RE 1. -
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chanber of the eye caused by the normal turnover rate of aqueous humor, in
t he presencegant isinediated hyf ionicdntemictions. dn fathemembodimentsofthe)invedtione A
represents unboun rug = 0..0500 les/liter | hysi ol.oqgi cal | ine; Curve
B represent §usé§nerg}:pg§?a%8famangr@_f 3B QEPP‘?SE}?E“’&SE’%" 1§%§@%§?§S¥i c

pol yner - dr ug,: < eyl 3,;{11'1 lerd L QL oad 8844 HE;
and Curve Cg‘}lepr sgﬂr%tss? r\@?g%ﬁg%eggﬁeg@%gp mac‘-uﬁre ugljja gg?rp%ﬁge’gh = %@%%ﬁaﬁgép
equi val et sthd ineéntion raby bé assdgb padvidabothaapilirélefie of mibtit nydriatéd dmelidr of

anest hetic agent ]Jidocaine in the anterior chanber of the eye caused by the
nor mal t ur nguesthatigragentaswelbas sowerssystained fefgases  presence or absence of

' anest hetic-viscoel astic polymer conpl ex: curve A represents unbound
Panesthetic = 0.0085 nole/liter in physiological saline; curve B represents

unbound anesthetic = 0.0049 nole/liter plus anesthetic-viscoelastic conplex
0. 150 equivalents/liter in }gﬂgl ol ogi cal saline; and curve C represents

anest heti c-vi scoel astic pé FREF B RTION QR FHEHEIGIIRERt st liter in
physi ol ogi cal saline. praipE 1. Clemente, 1978, in "Anatomy”, Lea and Fibiger,

15 Philadelphia, fig. 501.

FIGURE 2. Dilution effect of miotic or mydriatic agents in the anterior
chamber of thé eye caused by the normal turnover rate of aqueous humor, in the
presence or absence of viscoelastic polymer-drug complex. Curve A represents
unbound drug = 0.0500 moles/liter in physiological saline; Curve B represents

20 unbound drug = 0.025 moles/liter plus viscoelastic polymer-drug complex = 0.0500
equivalents/liter in physiological saline; and Curve C represents viscoelastic polymer-
drug complex = 0.100 equivalents/liter in physiological saline.

FIGURE 3. Dilution effect of anestheﬁc agent lidocaine in the anterior
chamber of the eye caused by the normal turnover rate of aqueous humor, in the

25 presence or absence of anesthetic-viscoelastic polymer complex: curve A represents
unbound anesthetic = 0.0085 mole/liter in physiological saline; curve B répresents
unbound anesthetic = 0.0049 mole/liter plus anesthetic-viscoelastic complex = 0.150
equivalents/liter in physiological saline; and curve C represents anesthetic-viscoelastic

polymer complex = 0.348 equivalents/liter in physiological saline.
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5. DETAI LEWOMSBAUMPTI ON OF THE | NVENTI ON For clarity of pres%ﬁ@?ﬁ%&?ﬁg
not by way of limtation, the detailed description of the invention is
divided into the foll ow ng sections: (1)S5viscoelastic polyners; 5

(2) motic agents; (3) nydriatic agents; (4) anesthetic agents; (5)
conposi tions of the iy®ETALERDESCRIPTEONOF THE INVBNTION conpositions
of the invention. 10 . i 5.1. VI SCOELASTI. C POLYMERS The
present i nvent i on pr o‘v“prjdgntymf preseptation; aknetdiypves Phiimitrdendhedefaed

pol ymers, cI ud| g,tﬁtg not .8 I‘LF lt and free acid forns
of vi scoel a %SF’E Fé’“ﬁ?gf”[ﬁ?s ‘#’@eﬁéﬁ“& T‘]@'W‘Bﬁﬁ 1908 hondr oi ti n

sul fate, dernmat an sul tAlBscotBEROY gg{ep,yl cel I ul ose, heparan sul fate,

heparin, keratan sulf fta’e sco car%l xynet hyl hydr oxypr opyl cel | ul ose, ]

car boxyngt hyl hydr oxet t@l)lmmltxlclalgemte,, cel lul ose sul fate, cellul ose phosphate,
car boxynet hyl guar, carboxynet hyl hydr oxypr opyl guar,

car boxymet hyl hydr oxye{h\ym¥driatic aggitsShan gum gel | an gum wel an gum rhansan

gum agarose, alginates, f el | aran, pectins, gum arabic, gumtragacanth,
carrageenans, starch gﬁo‘?ﬁ#ﬁ@ gaé§?Sarch succi nates, gl ycoam nogl ycans, 20

pol ysacchari des, pol ypgmoinq%gm@gbgmeqnpg{wgﬁ@arl des, anionic proteins
and pol ypeptides, anionic polyacrylam de, anionic poly-Nvinylpyrrollidone,

ani oni ¢ pol ydi met hyl éé)rl;lethndsjfmUpmlgyhecmaniitmmqo@ﬁhmwcnumacr yl am de, N-
vi nyl pyrrolidone, dinethylacrylam de, acrylic acid, nethacrylic acid,
mal ei ¢ anhydride, sodium vinyl sulfonate,

2-acryl ggi do- 2- net hyl - propangspl\;lggjd,a}ﬁa&s?lcg@LWSohosphom c acid, and

2- nethacryloyloxyethylsulfonlc acl or egol ng conpounds, in thelr

non-ioni zed free-aci dThepmEsentinyertivicprooides forasonibositions ¥o®mipeisingn t hei r
i oni zed forns, the conpounds may function_as polyneric anions. The

vi scoel ast i ¥ispeslgstispolysrersHaciudinghut sat Heifgd to theasmenic salt ane frgn acid forms
of viscoelastic polymers hyaluronic acid (hyaluronate), chondroitin sulfate, dermatan

sulfate, carboxymethylcellulose, heparan sulfate, heparin, keratan sulfate,

15 carboxymethylhydroxypropylcellulose, carboxymethylhydroxethylcellulose, cellulose
sulfate, cellulose phosphate, carboxymethylguar, carboxymethylhydroxypropylguar,
carboxymethylhydroxyethylguar, xanthan gum, gellan gum, welan gum, rhamsan
gum, agarose, alginates, furcellaran, pectins, gum arabic, gum tragacanth,
carrageenans, starch phosphates, starch succinates, glycoaminoglycans,

20 polysaccharides, polypeptides, anionic polysaccharides, anionic proteins and
polypeptides, anionic polyacrylamide, anionic poly-N-vinylpyrrollidone, anionic
polydimethyl acrylamide, polymers and copolymers of acrylamide, N-
vinylpyrrolidone, dimethylacrylamide, acrylic acid, methacrylic acid, maleic
anhydride, sodium viny! sulfonate, 2-acrylamido-2-methyl-propanesulfonic acid,

25 vinylphosphonic acid, and 2-methacryloyloxyethylsulfonic acid. The foregoing
compounds, in their non-ionized free-acid forms, may function as acidic polymers; in
their ionized forms, the compounds may function as polymeric anions.

The viScoglastic polymers of the invention range in molecular weight
from 50,000 to 8,000,000 daltons, depending on the polymer of choice, of

30 commercially available polymers that have been approved for ophthalmic use. For



from 50,000 to 8, 000,000 daltons, depending on the polynmer of choice, of 30
commer ci al satabl e polyners that have been approved for BONMUSHS/EI3R0 use.
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PCT/ US98/ 05320 6 exanpl e, an average nol gcul ar weight of from 1,000,000 to
5,000, 000 daltons is commonly used for sodi um hyal uronate, whereas an
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{ and pref er aksmpleoamplwolir werght sommeonly wsed fonspdiwm hyaluspaate itor
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permt easy wthdrawal. Furthermore, the_viscoel astic ynmers of the
i nventi on ar68:009wcentistokespand pigferably frgm %ﬁé‘t’ E‘?}‘quﬁs {q 5585 gentistokes for

5.2. MOTIC ' ' ' r ot d
02 O N o R Rl R 20 ROB SR 4OTRAYe i 8o o
| sopi | ocRy pisB@iunPhyadeshate Budhndscositie® hotthly Bhdbde tieihfedubtiohalf¢he polymer
i sopi | ocar pi ne hydrochl oride, isopilocarpine nitrate, carbachol,

physost i gm risto thtewolsyt injeetion op extiusien, bphsiseatei visdons erenghi togemdimwishini then 20
brom de, ecothi ophate iqdi de and acetyl cholj.ne.chlor.ide..Preferred agents
are menbers ag;énpﬁgﬁwel?%ggﬁla&sﬁg s@hd“ﬁé%’b%‘lfgﬁﬁﬂﬁg ‘T‘%Ilf’r?alnilltﬁﬁﬁ\i undg. The
motic agentiﬁtegflncyt, ?ngdr %axgﬁéasgv RyiffiaYaviRg, BiirtHela6f, tHe iddaRisti® §ufym>érs 8f the

charged, catio epehdi ng on the nature of the sustained drug

del i very t o itreeionaretwatebyoluble and carmbe eluted. Wil tiee f or egoi ng | i st, agents
that are considered basic 25 include: pilocarpine, isopilocarpine, and
physosti gm ne; agents that are consi dered hydrophobic include: pilocarpine,

i sopi | ocpg pi ne, and physosti gmi ”QS.Z?NHOQ%%@ENIT@

The present invention provides for compositions comprising miotic

'agehts including, but not limited to, pilocarpine, isopilocarpine, pilocarpine
hydrochloride, pilocarpine nitrate, isopilocarpine hydrochloride, isopilocarpine nitrate,
carbachol, physostigmine, physostigmine sulfate, physostigmine sulfite, demecarium

20 bromide, ecothiophate iodide and acetylcholine chloride. Preferred agents are
members of the pilocarpine and isopilocarpine family of compounds.

The miotic agents of the invention may be utilized in either neutral or
charged, cationic form, depending on the nature of the sustained drug delivery to be
provided by the composition. Of the foregoing list, agents that are considered basic

25  include: pilocarpine, isopilocarpine, and physostigmine; agents that are considered
hydrophobic include: pilocarpine, isopilocarpine, and physostigmine; and agents that
are considered cationic include demecarium bromide, ecothiophate iodide, pilocarpine
hydrochloride, pilocarpine nitrate, isopilocarpine hydrochloride, isopilocarpine nitrate,

carbachol, physostigmine sulfate, acetylcholine chloride and physostigmine sulfite.
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pi | ocar pi newan9aM1ethl ori de, pil ocarpine nitrate, isopilocarpi néé]emsgsqugfd
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PCT/ US98/ 05320 7 5.3. MYDRI ATI C AGENTS The present invention provides for
conposi tions conprising nydriat BFB.WP‘]%AW@'A’GEMS but not limted to,
atropi ne, atropine sulfate, atropine hydrochloride, atropine nethyl brom de,
at ropi ne net hyl ni t r at eETheapresit iveventipr provides, foatompositons cdmprisiog mydriatic

+ phenyl ephrine, phenyl ephrine hydrochl ori de, hydroxy?rrphet am ne,
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and tropicani de rochl gride,, Preferred agents ar erg,of .the atropine
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t he conposi trhéthylbtdmidessdopbRatihé|Gebpsiamimdeydrsbrohtidle, atepalamirieder ed basi c
i ncl ude: atropi ne, phenyl ephrine, hydroxyanphetam ne, cyclopentol ate,

honat r oplthe hydeeshdnrde, seopolameing mgthybraraide, segpolemingmethylritrated seqpotamine
e
\

i ncl ude atrqpi ne henyl ephtine, hydro nphet am.ne, .cycl.opent ol at g,
nomat 1 opi ne IS0 FARICHEIE RgPamids RABRE B op ol Biiodh e
consi dered qubfepial agbmts hidBeMbERRIMEe %ﬁiﬁé famil E&Pplﬁbﬁlymmﬁ 'ﬂuﬁﬂy Qe
atropi ne net hyl bromde, atropine nethylnitrate,” atropi ne hyperduric,
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hydrochl ori de, homat rotgﬁg? PBB& Bg_, eHBWﬁ&Weﬁ%?W{?@HPGF @gx}eutra.l
homat r opj s1e ﬁ%hgﬁ%%ﬁ%’&tf%@o%; déifeRBitgUH e ndUAE BPIRTulGined PRP AN to be

hydr ochl ori ollam n
provided by the composition. Of the foregoing list, agents that are considered basic

include: atropine, phenylephrine, hydroxyamphetamine, cyclopentolate, homatropine,
scopolamine, and tropicamide; agents that are hydrophobic include atropine,
phenylephrine, hydroxyamphetamine, cyclopentoléte, homatropine, scopolamine, and
20 - tropicamide; and agents that are considered cationic include atropine sulfate, atropine
hydrochloride, atropine methylbromide, atropine methylnitrate, atropine hyperduric,
atropine N-oxide, phenylephrine hydrochloride, hydroxyamphetamine iodide,
hydroxyamphetamine iodide, hydroxyamphetamine hydrobromide, cyclopentolate
hydrochloride, homatropine hydrobromide, homatropine hydrochloride, homatropine
25 methylbromide, scopolamine hydrobromide, scopolamine hydrochloride, scopolamine
methylbromide, scopolamine methylnitrate, scopolamine N-oxide, tropicamide, and

tropicamide hydrobromide.

5.4. ANESTHETIC AGENTS
The present invention provides for compositions comprising anesthetic

30 agents that are cationic in charge (cationic amine salts) or potentially cationic in



met hyl brom de, scopol ami ne nethylnitrate, scopolam ne N oxide, tropicam de,
and tropi capgh4dgaiyflr obronmide. 5.4. ANESTHETI C AGENTS The preg@itusgawestol on

provi des for conpositions conprising anesthetic 30 agents that are cationic
in charge (cationic amne salts) or potentially cationic in WO 98/ 41171
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pr opanocai néﬁmpﬂlogmp@@aﬂmmq@ faperineahexry]caing: hytdwxiytetracgine rleucinomine,
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their charged, cationic form endl ng ‘on t stal net" drug delivery

met hod to beprppamotaine) prypipduaine propokydaie, piudobsiné qiyeaRhaing, fopivacaie
neutral conpoupnds contain primary am ng groups, secondary am no groups,
and/ or t ert it@¥caine Hicagesnd dtimepaing Rreferrednggnts are idocsines prpparasene and ai n
hydrochl ori qg.s8lfs. nitrate 15 salts, sulfate salts, nmesylate salts,
butyrate salils, acetate salts, tartrate salts, citrate salts, or phosphate
salts ofieai d anino QFMeRMeﬁ&@geBWﬁH@Idv@ﬁﬁéﬁn{ﬁg%eﬁfséM theirifRpgadary, or
tertiary am no groups with the respective acids. utral am no anesthetic
agents i ncl u@@harg@d)gﬁmrm,tmiechm, eatjonic fyren; depending omtheausainedairag ne,

: phenacai ne, t oxycain bupi vacain but acai ne, tanilicai_pe,

but oxycai ne ,J%%cry&%’?‘gg’l l??e&‘”é@&‘?hﬁ&%m%&}o%.i %ﬁ@l&&ﬂ@,ﬁom&%ﬁw&%ﬁ%@!

etidocai ne, dofpIEAIS NS Jar=t ali6 i
mepi vacai ne,c mepryl cai ne, iSmat bu?l(%? cgtlﬁ}ﬂsg?;é%?iﬂgcal nggk@%h%}gﬁﬁﬂe@ﬁim
orthocal ne, amis¢ geoips,ewhijethe chargyd, @atienic gragseontaitehydrochlofdekdls, nitrate

rilocai , ocaj.ne, r opanocai ne, r opi pocai ne, -
P {156 sgfts, sulfate salts, m%sylate salts, bu at% sglts, acetate salts, tartrate salts, citrate

salts, or phosphate salts of said amino groups by the protonation of the primary,
secondary, or tertiary amino groups with the respective acids. Neutral amino
anesthetic agents include lidocaine, tetracaine, proparacaine, naepaine, cocaine,
phenacaine, betoxycaine, bupivacaine, butacaine, butanilicaine, butoxycaine,

20  carticaine, cyclomethycaine, dibucaine, dimethocaine, etidocaine, formcaine,
hexylcaine, hydroxytetracaine, leucinocaine, mepivacaine, meprylcaine,
metabutoxycaine, myrtecaine, octacaine, orthocalne, oxethazine, parethoxycaine,
piperocaine, piridocaine, prilocaine, procaine, propanocaine, propipocaine,
propoxycaine, pseudocaine, pyrrocaine, ropivacaine, tolylcaine, tricaine, and

25 trimecaine. Charged cationic anesthetic agents are prepared from the above by
protonation with acids such as hydrochloric acid, sulfufic acid, nitric acid, phosphoric

acid, methylsulfonic acid, butyric acid, acetic acid, citric acid, and tartaric acid.

~ 5.5. COMPOSITIONS OF THE INVENTION
The present invention provides for compositions which provide

30 sustained release of miotic, mydriatic, and/or anesthetic agents, as described above, in
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nonlimiting embodiment, the anionic viscoelastic polymer may be chondroitin sulfate
and the cationic agent may be the miotic agent pilocarpine, which may be combined
by interacting sodium chondroitin sulfate with pilocarpine hydrochloride. In yet
20  another specific, nonlimiting embodiment, an ion exchange interaction between
sodium hyaluronate and phenylephrine hydrochloride can be effected, yielding
phenylephrine hyaluronate.
In a second, related set of nonlimiting embodiments, the present
invention provides for compositions in which the sustained release of miotic or
25 mydriatic agent is achieved through ionic acid-base interactions between the agent and
a viscoelastic polymer. In particular embodiments, a composition may comprise an
acidic viscoelastic polymer and a basic miotic or mydriatic agent, in which case the
composition, when placed in the approximately pH neutral environment of the eye,
will provide a relatively slow release of the miotic or mydriatic agent by ionic
30 displacement of the drug from existing cations. In one specific, nonlimiting

embodiment, the acidic viscoelastic polymer acid may be hyaluronic acid, and the
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nmydri ati a&ggt fromthe anterior chanber of the eye, Figure 2 depicts
t hree re&e pylephrme hyalwenaths usi ng an aqueous hunor vol une of 310

mcroliters and an In a nonlimiting example relating to the sustained release of a miotic or

mydriatic agent from the anterior chamber of the eye, Figure 2 depicts three
representative conditions using an aqueous humor volume of 310 microliters and an
aqueous humer turnover rate of 1.5 microliters per minute (Schoenwald, 1993,

20 "Pharmacokinetics in Ocular Drug Delivery" (Chapter 10) in Biopharmaceuticals of
Ocular Drug Delivery, CRC Press, Inc., Boca Raton, F1.). Units for unbound drug are
given in moles per liter, and units for viscoelastic polymers are given in units of
equivalents per liter, which would describe any viscoelastic polymer with any miotic
or mydriatic drug.

25 In Figure 2, curve A represents unbound drug, wherefor the initial
concentration of 0.0500 moles/liter is diminished to 0.0084 moles/liter after 6 hours of
dilution in the eye, caused by the turnover rate of aqueous humor. Curve B of
Figure 2 represents a combination of unbound drug (no viscoelastic polymer present)
and ion-complexed (bound) drug-viscoelastic polymer. In this curve, the viscoelastic

30  polymer-drug complex has a predicted cooperative binding constant of 5 x 1072

(Hayakawa et al., 1983, Macromolecules 16:1642). This value was determined for



aqueous hunor turnover rate of 1.5 mcroliters per mnute (Schoenwal d,

1993, 20 ‘'vPbasmmeekinetics in Ccular Drug Delivery" (ChapterPQys98/05320
Bi ophar maceuti cals of Ccular Drug Delivery, CRC Press, Inc., Boca Raton,
FI.). Units for unbound drug are given in;noles per Ilter, and units for
vi scoel astic polyners are given in units of equivalents per Iiter whi ch

e ¢ 95T SdinethRIBISR Gfp BRA Pone viP LR AlkGetl St %,
Jinitial concgiondBlectimitheiififinBhim ldn Fforh ufle R rﬁssese s&nqth%h an

mol es/liter after 6 holrs of dilution in the eye, caused by the turnover
rate of aquemntﬂal lcomezntrati@@uofrmbidund diigopfile0300rmeples penliter,cat 6dmurnaf aqueond

unbound drug (no viscoel stlc rese and i on-conpl exed (bound)
dr ug- vi scoel REPOUROVEH0340m Fﬁée"ﬁumefm% %2‘9?@66‘@?%@ ATy e - dr ug

conmpl ex has C (Hayakawa
R e S g T ™
98/ 41171 concentration of unbound drug observed after 6 hours. PCT/ US98/ 05320 11
car boxynet hyl cel l ul ose (as a nodel anionic viscoelastic polyner) with a

hydrophilic cation of E@d@:‘}lofﬂgm 21y¢mmts|lgmcr>mplex€ddhomdr)\deu$ it may be

that, with t f 0.0500
er i tor, areeeRbibBol, HBORE Hr REFALSRFEUBRoN0Y GiA Sedrwlemtepen Rk of

medi cament rﬁf@a&m gdhé &Eﬁrﬁ'irhﬁﬂc’é ShARBRE on is
nmore than 4-fold greate tlhan the fi ﬁgl c;ﬁgcgnto-rgaytolstg{r)llleg uﬁlggﬁﬁgﬁ%d
observedliaft érugﬁlshrednmed 16010364 halés perr diteraafier ﬁéxpnmiﬁmsatlmrmahaﬁyamdsed

(bound) drug: viscoel asttjt c polynmer, wherein the initial concentration of
0. 100 equi vab¥Hiedumover ¢ %Pe?‘kﬁ}%‘lﬂﬂ ’H@‘Sé'ﬁab%ﬂﬂcmﬁti%mﬁrﬁ%néﬁmﬁéntrat i on

o 0 299, ™ S5 ad BRI SPun A UGRAY R 0BT

agueous humoCurve!B.9nfthis 2hrve ke &iNcbahitiy pdlfmEPARig ddRipléx had®predi@ed er t han
the final concentration of unbound dr ug, and slightl'y greater than that of

Curve B. |n edfpsratiye bindingeonstant 06§ 140" (Hpyakamaret al.ulP 8o Mdarembkesules
predi ct eg c E@‘fﬁ@' ve binding constant of 5 x 102 (Hayakawa et al., 1983,
Macr onol &2ul 16: 1642) .

Thus, from Figure 2 it may be seen that two conditions of ion-

complexed miotic or mydriatic drug/polymer complex clearly demonstrate the effect
of sustained release of drug with time, as compared to unbound drug, in the anterior
chamber of the eye.

20 In a third set of nonlimiting embodiments, the present invention
provides for compositions which comprise microcapsules that are soluble or swellable
in aqueous media and preferably biodegradable, which themselves comprise miotic or
mydriatic agent, wherein the agent may be eluted with time as the microcapsule
slowly dissolves, disintegrates, or swells. Typically, such microcapsules may

25  desirably be smaller than the wavelength of light in order to prevent light scattering
and impaired vision. In this procedure the agent of choice is incorporated into the
microcapsule during formation of the microcapsule. Since the viscosity of
microcapsules is typically low, a viscoelastic polymer may be added to maintain the
anterior chamber.

30 Soluble microcapsules may be derived from inherently biodegradable
polymers, such as poly-DL-lactide or poly-DL-lactide-co-glycolide, which, in dry
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to reside both inside and outside the copolymer micelle. When the preparation is
placed in the anterior chamber of the eye, as the exterior agent is removed, the interior
agent may be slowly released. Such copolymer micelles may preferably be
hydrophilic-hydrophobic or hydrophilic-hydrophobic-hydrophilic in character.
20 Preferably, the hydrophilic blocks are derived from ethylene oxide and the
| hydrophobic blocks from propylene oxide (ethylene oxide-propylene oxide-ethylene
oxide block copolymers are sold under the trade names of Pluronic or Ploxamer).
Compositions comprising copolymer micelles may be mixed with a viscoelastic
polymer, such as hydroxypropylmethylcellulose, in order to maintain the structural
25 integrity of the anterior chamber.
The present invention further provides for compositions comprising a
plurality of miotic, mydriatic and/or anesthetic -agents, in any combination.
The amount of miotic or mydriatic agent present in the composition
may be that amount which produces the desired therapeutic effect; that is to say, the
30  desired pupil size for the desired period of time. Such amounts will vary between

agents, but may readily be determined using the dose-response relationships known to
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pi 1 ocarpi ne The present invention provides for compositions that provide sustained
release of anesthetic agents, as described above, in which release of the agent is
mediated by ionic interactions between the viscoelastic polymer and anesthetic drug..
20 The compositions also provide a means for maintaining the structural integrity of the
anterior chamber of the eye.

In a fifth set of nonlimiting embodiments, the present invention
provides for compositions in which the sustained release of anesthetic agent is
achieved through ionic interactions between the anesthetic agent and the viscoelastic

25 polymer. In particular embodiments, a composition may comprise an anionic
viscoelastic polymer and a cationic anesthetic agent, in which the cationic agent of the
composition, when placed in the eye, may be released by displacement with
endogenous sodium or potassium ions, or other naturally occurring cations. In one
specific, nonlimiting embodiment, the anionic viscoelastic polymer may be sodium

30  hyaluronate, and the cationic agent may be lidocaine hydrochloride, where, in the

preparation of the composition, sodium chloride is removed by using an excess of the
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the nydriatic drug atropine sulfate, a solution of atropine hyal uronate
cont ai ning atropine sulfate my be prepargrg where the atropine
concentration may be 0.3 ng/m and the od lality may be adjusted to 305
nOsni kg by nitol.Ln each of the foregoing exanples in thjs 15
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may conprise an anioni ¢ viscoelastic polynmer and a cationic anesthetic
agent, in whonimitieg embodiment, 25dom exghangrintesagion between spdivm byaluesaaten t he

eye, may be I | nt ,w endaggnous sodi um or .pot assi um

i ons, or ot hd(:an(ra pﬁgﬁaggcﬁeyﬂ’%@{h?&?%ca@&pie%ﬁgt_e@,l EHg@Htg RIBRURERIRe ﬁ%&ﬁffpﬂﬁqi ng
enbodi nend, ibhie cofiplex. ¢ Vi scoel astic polyner may be sodium 30 hyal uronate,
and the cationic agent nay be |idocai ne hydrochloride, where, in the
preparation of the coninossixthorglatedsétwfnohlimitingeenmbodiraents,cthe pyesersti Ng an
excess of the .W) 98/41%71 e . . . .

PCT/ US98/ 05334t Bropdes 10r comnpsitipnsin vahich theysustained elprse of pnesthetics or
anmount of sogh i ] ; I - ¢li ' ' £ y be
opeat cd soviaeHpIcHeeATRcRgh 10tis U PRV intirR bl PerwEoh TuUeRAFRR ABY T
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vi scoel a gi C p(ﬁl {/']ger may be sodium chondroitin sulfate, and 5 the cationic
agent mai bercidie Viseealastismolymerdin s freeacid fonm) @ grhasis anegthetic agept Gn its
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provide a relatively slow release of the anesthetic agent by ionic displacement of the
drug from existing cations. In one specific, nonlimiting embodiment, the acidic
viscoelastic polymer acid may be hyaluronic acid, and the basic agent may be the

20 neutral anesthetic agent, lidocaine. When these two compounds are combined by an
acid-base interaction in the composition, the polymeric complex lidocaine hyaluronate
may be formed. In another specific, nonlimiting embodiment, hyaluronic acid may be
interacted with the basic anesthetic agent, proparacaine in water at a temperature
range of 5 to 50°C (wherein the proparacaine becomes protonated by the polyacid and

25 isrendered a salt of the viscoelastic polymer), followed by dialysis, filtration or
ultrafiltration to remove unreacted Lidocaine. The resulting lidocaine hyaluronate
composition may then, alternatively, either be sterilized and adjusted to the
appropriate pH and osmolality for use (for example, and not by way of limitation,
where the pH range is between about 6.8 and 7.8, preferably between 7.2 and 7.4, and

30 the osmolality is 285 + 55 mOms/kg and preferably between 290 and 320 mOms/kg),
or may be recovered by drying in vacuo or by lyophilization. In yet another specific,
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then, alternat.iv .elther be steriliz and..adj usted, to t.he apprqprjate
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di al ysis, yi Sofprogudtinfonaniien siekey MBflocaaialiiscaifé BP@d0aKIeHAE). Assuming that

this binding is ionic in nature between the cationic lidocaine and anionic groups in the

plasma, the calculated equilibrium constant would be 0.433 for binding of lidocaine to
an anionic polymer.

20 In Figure 3, curve A represents unbound anesthetic, wherefor the initial
concentration of 0.00850 mole/liter is diminished to 0.00143 mole/liter after 6 hours
of dilution in the anterior chamber of the eye (with a total volume of 0.8 ml), caused
by the turnover rate of aqueous humor. This is a decrease in lidocaine concentration
of 83%.

25 : Curve B of Figure 3 represents a combination of unbound lidocaine (no
viscoelastic polymer present) and ion-complexed (bound) anesthetic-viscoelastic
polymer complex. In this curve, the anesthetic-viscoelastic polymer complex has a
calculated equilibrium constant of 0.433. From curve B it may be seen that, with an
initial concentration of unbound anesthetic of 0.0490 mole/liter and a bound

30  anesthetic concentration of 0.150 equivalents/liter (producing an initial concentration

of 0.00850 mole/liter of unbound lidocaine), at 6 hours of aqueous turnover, 0.00512




hyal uronate. 5 In a nonlimting exanple relating to the
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representative conditions using an aqueous hunor turnover rate of 1.5
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Press, Inc., Boca Raton FL). Units for unbound, 10, anesthetic ar iven in
| mol es per | male/litesof lidpgaing yegaing is thpruierorchagbgelius lfraegegﬂ%ﬁ 1R ﬁd 1% of

“equivalents per liter j, C ' 5&%' ' Fbstp% 1

vi scoel asti ggﬁ%qnbﬁéfn %W%aﬁhf%#sgt‘@gﬁ? "g)?‘ug. g{}gﬁtfnlgm | af‘%;%%%é% aFeét I on
of anest het iggan M4k iinhPdoddentiidnJf MEbANdAduE ¥BEPYed afies 6holfi35 mol e/ liter.
. Li docai ne has been reported to bind plasma at concentrations between 15 1

iand 4 [err\g/m with 60ur80% ofiFigumderepreserivionccomplenedi(bpund) agTsthetic-
Ph tical .. duct i nf t.]. heet, X [ L I . -
hydr ocht o | aBFoSR RGOt wiRE Eh PR PRuR Gt oA Worrsin 8 T een e
tionc | TS L e | |
cqui 11 br i um-ScerREAR e 8348 Bty ifer BrddiEing e iRl dleckRud aFBOBs

pol ymer. 20 mole/liter of unbourndlidocginePisFedned ve0.A06Zpmekedlites of lideuaind after 6
} anesthetic, wherefor the initial concentration of 0.00850 nole/liter is
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; 83% 25 10 its initial conclehtratfonB Addifibeilyethd iRPHsAHeToRcERHi0AFHdne theof
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anest heti c-vi scoel asti o] r c | ex. has a cal.c ted equilibri
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concentration of 0.008FRusyfiloal Figuse3 iifmayrteosennlthat thes eontditionsadf ibn-hour s of

aqueous turnover, 0.00512 WD 98/41171
- PCT/ US981%5Fpmplexed anesthetic with viscoelastic polymer clearly demonstrate the effect of

sustained release of anesthetic with time, as compared to unbound anesthetic, in the
anterior chamber of the eye.

The present invention further provides for compositions comprising a
plurality of anesthetic agents, and/or a plurality of viscoelastic polymers.

20 The amount of anesthetic agent present in the composition may be that
in that amount which produces the desired therapeutic effect; that is to say, the desired
level of anesthesia. Such amounts will vary between agents, but may readily'be
determined using the dose-response relationship known to the skilled artisan. The
concentration of anesthetic agent may vary from 1 mg/ml to 50 mg/ml, and preferably

25 from 5 mg/ml to 20 mg/ml. As one specific, nonlimiting example, where the
anesthetic is lidocaine hydrochloride, an anesthetic- polymer complex formulation
may be prepared using a solution of lidocaine hydrochloride with lidocaine
hyaluronate, where the lidocaine concentration may be 20 mg/ml and the osmolality
may be adjusted to 305 mOms/kg by mannitol. As yet another specific, nonlimiting

30 exémple, using the anesthetic agent tetracaine hydrochloride, an anesthetic-polymer

complex formulation may be prepared using a solution of tetracaine hyaluronate



nole/liter of lidocaine remains in the anterior chanber. This is a decrease
in |idocai MO9B#3®Nt ration of 40% However, this final conceRGTA9885328
nore than 3.6-fold greater than the final concentration of unbound drug
observed after 6 hours. Curve C of Figurgz3 represents ion-conpl exed
(bound) anesthetic- 5 viscoelastic polymer using-an equilibrium constant

of 0.433, Wa&figinthel \eRadaid hytlrodIRGE) Whatd B tétfacRind48n&iviatiah Bidy¥d frM's
‘(producing an 1 nittal concentration of 0.0085 nole/liter of unbound

| i docai ne) 20 mgoimd end the d3rmodity mmyl be/ ddjusted tof305imOmaikpebyamarnitél. Hauyes of
duration in the eye,, caused by the turnqver of agueous hunor. The final
concent r at | 8#ptherfpecifis: gorﬁlmﬁaagxmel&u\ﬁm&ﬂwiqneqathmeﬁbpmﬁ@sﬁwﬁa i on of

27% from 10_ ;i 1S LPLT] |0 Lt Ly, | | i docai ne
concent rat | 510§ bF bR HRE Rl i Hy fochidiftle ma BF L0
greater tShaPrdpbl%deHbi\é tHeQit6fdthéaiid QhcehtrativAGHATbReR 220 eng/MD End the )
approximately 17% greater than that of the unbound anesthetic in the

presence of osmelalifyemay be adjusted yor805 oxImps/kg by auannitoB) In eabh of tier foregoingir e 3
it may be seen that two conditions of,ion- ed anesthetic with

15 comple
vi scoel ast i EX3BPLHiT thiy Raragraphy the cationic anepihetic.agent agbednied widhieel case of

anest hetic w i t: | Gatitd erior
chanber of %@%&ygg@%@pﬁgg%ﬁﬁﬁdgﬁ%%%uf?]E(ggfet&%d\??adgg??wglg%osi tions
conpri si ng adjubted akingthoheuarad agémt mand@tniisyetafifther spegific] Aonlinitiag
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hyal uronat e peiween the viscoelastic polymer and the anesthetic agents and the miotic or mydriatic

agents. Such compositions also provide a means for maintaining the structural
20 integrity of the anterior chamber of the eye.

Because it is important, during ophthalmologic surgery, to maintain the
osmolality of the anterior chamber of the eye, the compositions of the invention
preferably exhibit an osmolality such that their introduction into the eye may not
detrimentally alter the osmolality of the anterior chamber. The osmolality of the

25 natural contents of the anterior chamber has been reported to be 301-305 mOsm/kg
(Geigy Scientific Tables, Volume 1, Ed. C. Lentner, Eighth Edition, 1981, Basle,
Switzerland). The osmolality of viscoelastic polymer drug ion complex could be
maintained by excess drug in its salt form (for example, a 3.0% solution of
phenylephrine chloride is isotonic in comparison to a 0.9 weight percent NaCl

30 solution), or by a solution of, or in combination with, a neutral agent, such as

glycerine (where a 2.6 weight percent solution is isotonic relative to a 0.9 weight
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sol ution of uset, thexconostratidhs of vistddlastia poButier ate prefepdbly bewieeagabout 10

mg/ml and 30 mg/ml in aqueous (preferably isotonic) solution.

5.6. METHODS OF USING COMPOSITIONS OF THE INVENTION

20 The compositions of the invention are particularly useful when
employed during a variety of ophthalmological surgical procedures, such as
procedures desirably performed while the pupil is dilated, including intracapsular and
extracapsular surgery and fistulizing procedures, and procedures desirably performed
while the pupil is miotic, including anterior segment surgery, such as surgical

25 separation of vitreo/corneal adhesic;ns, separation of iris/corneal adhesions, and the
placement of phakic refractive implants and secondary aphakic implants.

For example, and not by way of lifnitation, compositions corﬁpﬁsing a

mydriatic agent, according to the invention, may be used in standard extracapsular

cataract surgery carried out under topical or retrobulbar anesthesia.
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gl ycerine (where a 2.6 weight percent solution is isotonic relative to a
0.9 wei ght wos©@8141171 PCT/US98/05320
PCT/ US98/ 05320 18 percent NaCl solution) or mannitol (where a 5. 07%
solution is isotonic relative to a 0.9 weyght percent NaC solution). If
traditional isotonic solutions are used, which may contain sodi umi ons,
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i on- conpl ex rug, refeasing 1t rnto solution, and an excess
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introduction intg the anterior chamber by injection or extrusion, as well
as their refdwRpsitionpef thedpysntionyay sidithpextrastion of thedensandlimplamt of t he
surgi cal prg)f%g%%&, Accordingly, the viscosity of a 15 conposition
according t R hvention is between 1,000 and 60, 000 centi stokes and

preferably between 2, 30Qnatr AShIRARing RAhpleOkAStic é%ﬁ';;o%maré%e@&aﬁgts the

pol yners are used, the concentrations of Vviscoelastic polyner ar

pref er ablly laentiom meaydetustd imstandard nyopie refractive impent placement moesdiésy/

i sotonic) solution. 5.6., METHODS OF USI NG COVPOSI TI ONS OF THE | NVENTI ON 20
The conposi ﬁfg‘ﬁé DEFaceRigsis iy, eatrie puts the misfic icompasition mayrhe inigsted intethey ed

during a vagiet: géanq&lgt nng% ' -SUr.q] r dyre ch

procedur es ggf;elh}ﬁxé y pe'r?g%ﬁre g%}iﬁﬁtlglﬁﬁgelg%&% Ib%irgg P%tle&’,l%#ﬁ%?yu ng

i nt r acapsul positioned; Xt Wompb tiaf be SUtuged, ¥nd it Viscous hiigtid\ebrRpeeEshARS beand
procedures desirably perfornmed while the pupil is motic, includihg

anterior semﬁfed%éh%ﬁsgch as surgical 25 separation of vitreo/corneal
phaki ¢ 15t ract ve | mor e ise ok g5 BB g b or B Rior i rerRb R e, and
not by way ®hrst,itlie prabdr® inveRBoR provide’'TSr # S6TRpdsHidiOwRich may simultaneously
provide both mechanical and pharmaceutical activities useful in ophthalmological
surgery. Second, the compositions of the invention may be used to satisfy a long-felt
need for a means for providing sustained release of miotic or mydriatic agents during
20 surgery. Third, the compositions of the invention may prevent or reduce a rise in
intraocular pressure which may be associated with the use of a viscoelastic solution
which does not comprise a miotic agent. Fourth, the use of compositions of the
invention may be used to prevent posterior or anterior synechias by keeping the pupil
dilated during the immediate post-operative phase. |
25 Moreover, during conventional surgery, with loss of the chamber and
hypotony there is loss of iris tone and function. Since the viscous compositions of the
invention maintain the chamber and some degree of intraocular pressure, and are in
contact with the iris for a prolénged period of time, a reservoir effect is established so
that chamber maintenancg, enhanced iris tone and response and drug delivery are
30  concurrently achieved. Further, particularly when miosis is desired, the long term

effect of miotics may blunt the pressure elevatory potential of the viscoelastic.
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conpositioons according to the, 10 inventjon nmay be used in standard opi.c

refracti i?e PRTGFemesisis thencantied,ou de permait slopg drainage pfiths anteries Fhambervdiel ed

out, the m @t, it Wall | e terior,cha r.
Then. an ent/chlaEaIBPHeRdCHBY: Btk Bk ShRpl A CoR i A iRl (e
wound may beamuéntesieisiteaThetdh@mbesie ddepeiidto theHRSPSIelel ARd TRY sitfichl ' | gat ed

fromthe eye. 15 | The use of conpositions of the invention
offer a nunﬁgﬁa@ﬂeaﬁvﬁﬁﬁgbes. First, the present invention provides for a
conposition which may ~si nmul.t anequsl rovi.de bot h.nmechani cal a

phar maceutical acti vi t]iilgsyaﬁg'é%m%lf’ic "\(%ﬁrﬁtﬁﬁgﬁmaﬁe&&fe%gdewt ond, t he
conposi tligongefedentdid théty BRdireQss, My be used to satisfy a long-felt need for a
means for providing sustained release of motic or nydriatic agents during
20 surgery. Third, the conmpositions of the invention may prevent or reduce
arise in intraocular pressure which may be associated with the use of a

vi scoel asti c solution which does not conprise a motic agent. Fourth, the
use of conpositions of the invention may be used to prevent posterior or
anterior synechias by keeping the pupil dilated during the i mediate

post - operative phase. 25 Mor eover, during conventiona

surgery, with loss of the chanber and hypotony there is loss of iris tone
and function. Since the viscous conpositions of the




I nvention maintain the chanber -and sone degree of intraocul ar pressure, and
are in conteadesMitty the iris for a prolonged period of time, BCTASESASRG
,effect is established so that chanber mai ntenance, enhanced iris tone and
iresponse and drug deli very are 30 concur%' iently achi eved. Further,
particularly when mosis is desired, the Tong term eful

fbl unt the pressure elevatory potenti al I vi scoel mmﬂ'"l"m,ﬁﬂl 1171
PCT/ US98/ 05320 20 In further non-limt %Mg i ment, ¥istoel ati ¢

pol ymer - anest heti ¢ conpri sing conpositions of the [ nvent ion are

particul arly useful when enployed in cataract surgery, glaucoma surgery,
and other intraocdl ar prcusphsitien foFuse maphfiatmologivi snagerpcomiphisivige | S

enpl oyed to anes het|z=\ t he corneal ;and conjuynctival surface. A5

. par acent esi s Viseogiastis pobmsrand nreliestiviameunt of apangsthetisggeml t he anteri or
.chanber which is replaced by the viscoel astic pol yner-anesthetic conplex -
“conbi nation through the paracentesis site. The chanber is deepened to the
desired | evel and2the Sﬂh&@bﬁ@bsxﬁbﬁ@?dﬁﬁﬁllWhéﬁiﬂmamoelm;%! Yo s acidic
‘publications C|ted herein are hereby |ncorporated by 10 efence in their
entiretied. andtheagesthe¥is agent is basiconposition for intracameral use in

opht hal ol ogi ¢ surgery conpr|5|ng a viscoelastic polymer and an effective
Eam)unt of an anesthetic agent. 2. The conposition of claim1, wherein:
the viscoel astic goly | asi c.

The conposition ofB cl glq?lnefgn‘%%he@glﬁr?ﬁf agﬂ\?igvggrg as?%%gbélﬁs@ﬁgﬁ&&ﬂegﬁonl C and
t he anest het amionigent thesameathetic agent 4s cationithe conposi ti on of claim1, wherein
the viscoelastic polyner and the anesthetic agent forma viscoel astic

pol ymer - anest heti ¢ conpl ex.

4. The composition of claim 1, wherein the viscoelastic polymer and the

anesthetic agent form a viscoelastic polymer-anesthetic complex.

10 5. A composition for use in ophthalmology surgery comprising a
viscoelastic polymer, an anesthetic agent, and a drug, wherein the viscoelastic
polymer, the anesthetic agent, and the drug form an ionic viscoelastic polymer-
anesthetic-drug complex, wherein the drug is selected from the group consisting of

miotic and mydriatic agents.

15 6. The composition of claim S, wherein the miotic and mydriatic agents
are selected from the group consisting of atropine, pilocarpine, phenylephrine,
isopilocarpine, acetylcholine, atropine sulfate, pilocarpine hydrochloride,
phenylephrine hydrochloride, acetylcholine chloride, pilocarpine hydrochlonde and
isopilocarpine hydrochloride.

20 7. The composition of claim 1, wherein the viscoelastic polymer is
selected from the group consisting of one or more of hyaluronic acid, chondroitin
sulfate, dermatan sulfate, carboxymethylcellulose, heparan sulfate, heparin, keratan
sulfate, carboxymethylhydroxyethylcellulose, cellulose sulfate, cellulose phosphate,

carboxymethylguar, carboxymethylhydroxypropylguar, xanthan gum, gellan gum,

This Shect Has Been Rep | THIS SHEET HAS BEEN
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10 5. Ac il f I n opht hal nol ogy surgery conprising a
vi scoel ast'w‘oW#ﬁ’ﬁeﬂmﬂmma"ﬂﬂgwmgem, and a drug, wher ep@T/URB®8/05320
vi scoel asti c pol yner,*» t ke @anest i< agent, and the drug forman ionic

vi scoel asti c pol yner- anesthetic-drug cogpl ex, wherein the drug is selected
fromthe group consisting of motic and driatic agents. 15 6.

The conposition of claimb5, wherein the motic_and nydriatic ag_ents are

! d
sel ect ed f r GYPlan U THARSA SN AZAFRSeGHERates dRrrellatsn; RRCHPS SV a3RKn§WBDhr i ne,

BeRet . - . ! 1 ! - Pori do.
 bhenyl epnr | REap T eAe salh BRI eath Sncl T BhyRbAEISECRRS O ! Ce
t hydrochl ori %@%ysﬂébﬂmﬁ&&?b%@ﬁtﬁe@,%ﬂ%!ﬁﬁé}k @hd 86polyiers of acrylanfide, N- The

conposition of claim 1, wherein the viscoelastic polymer is selected from
t he group coimyilpyrioligiont, dimethylacmylamidsf a¢ryli¢ acidmethaciytic acidomaledd t i n

e T T i e
. sul f : I .
e AR S A BZ i 2 o

rhamsan gummeksiviegloxpethyalfesic aéidr cel | aran, pectins, gum arabic, gum
tragacant h, carrageenans, starch phosphates, starch succi nates,
{ gl ycoam nogl ycans, pol ysacchari des, pol ypeptides, and pol yners and

copol ynmers of acrylam.gde, N vinyl pyrrolddgne. dinethylacrylamde, acrylic
acid, methacrylic acid, encéﬁné‘?oélt‘f\{’éﬁﬁmgd& eﬁlﬂg?esﬂfﬁ%hs cégls'mer.xs
styrenecar baylied fdfi the gogfeaﬂsﬁsﬁhg Of 8ne Pﬁ%}ifé A 3RARESE LN ERorbitin

vi nyl phosphoni ¢ aci d, and met hacCryl oy et hyl'sul fonic acid. 8. The
conposi t 1®n solfate] dérmatan sntfetegcarboxyanathylcelhilosst hepapan sulfate, heparid, &etagah f r om

LU 00k S e A S GE P
h in,
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car boxynmet hywdigs g yshansyh gual agarese] Slgimagishfurgsdlatam) pestins, gwrh arabie) gunt hansan

gum agarose, alginates, furcellaran, pectins, gum arabic, gumtragacanth,

car r ageenandragaeantls icapagaepaRs, srchyhosphates, starch sheeinatgs, iveaaminaglycans.s
15 polysaccharides, polypeptides, and polymers and copolymers of acrylamide, N-

vinylpyrrolidone, dimethylacrylamide, acrylic acid, methacrylic acid, maleic
anhydride, vinylsulfonic acid, styrenecarboxylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, vinylphosphonic acid, and 2-

methacryloyloxyethylsulfonic acid.

20 9. The composition of claim 1, wherein the mesﬁeﬁc agent is selected
from the group consisting of lidocaine, proparacaine, tetracaine, phenacaine, naepaine,
cocaine, betoxycaine, bupivacaine, butacaine, butanilicaine, butoxycaine, carticaine,
cyclomethycaine, dibucaine, dimethocaine, etidocaine, formcaine, hexylcaine,
hydroxytetracaine, leucinocaine, mepivacaine, meprylcaine, metabutoxycaine,

25 myrtecaine, octacaine, orthocaine, oxethazine, parethoxycaine, piperocaine,
piridocaine, pirilocaine, procaine, propanocaine, propipocaine, propbxycaine,

pseudocaine, pyrrocaine, ropivacaine, tolylcaine, tricaine, and trimecaine.
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:of |idocaine, proparacalne, ‘tetrac
bet oxycai ne fronutlievgrowp osnsisting @f fidocaind) pi

15 pol ysacchari des, | and pol yners and copol yners of

acryl am de, W8 xv| Bi’ Hﬂﬁﬁ ﬂ [" hyl acryl am de, acrylic RE/H$98/05320

met hacrylic acid, nal c 1% nyl sul foni c acid, styrenecarboxylic

acid, 2-acrylam do-2- nethyl propanesul fog4c acid, vinylphosphonic acid, and

2- net hacryl oyl oxyet hyl sul fonic acid. 20 9. The conposition of

claim1, wherein fghe s o 2 r : consi sting
DRSS e, LRGBS OIS0 Eel R GERE

XY C: ) : _ atdching] REacdind, phesavafiR, nacpaine,

carticai ne, cyclonethycai ne, dibucaine, dinmethocaine, etidocaine,

-forntai ne, Kesainedetpxycaipeitupimacainedutacsine) butanilicajne,tattoxyepineacaticaine,

L e

ovat st ne. HAPLERIEFI; AbiSged Brodhon i hivab, AiBfe b,
procal ne.s phHYBRX9EHabAne NERMRRARR, AepivBEAR BIGRY BBne IAEHOOR dine, |

pyrrocai ne, ropivacaine, tolylcaine, tricalne, trimecal

.98/ 41171  myrtecaine, octacaine, orthocaine, oxethazine, parethoxycaine, pipero&4iié,US98/ 05320

23 10. The.c‘fnglosi tion of claim5, wherein the anesthetic agent is
sel ected fr &HH9aNGy @YIes POCAIAG, RIPPINOGRIAE, RIEDIPREBPA PIRRANYSINELt r acai ne,

phenacai ne, L:ne, ' Lhe, bupivacai but acai ne,
but ani 11 ca) RRCREBE e oL I8 Gine, HRA: Sl Eimeiisica ne.
di ret hocai ne, etidocai ne, forntaine, hexylcaine, 5 hydroxytetracaine,

| euci nocai ne, nepivacai ne, meprylcaine, nmetabutoxycaine, nyrtecaine,
oct acai ne, ort hoddi ne, Thexeomipesition, of glainat lhwhsreii the vispoglastizqmily@er is

pi ri docaiyne i ril.ocaine rocaine, propanpcai ne, propipocaine, -
pr opoxy?gng‘?&&&(’éﬂﬂﬁggi @ﬂpepaﬁ"? E%‘??é,“‘gglﬂo%&%i ne, tolylcaine, tricaine,

;and trimecaine. 11. The conposition of claim1l wherein the viscoelastic

polymer is 10 hyaluronic acid and the anesthetic agent is |idocaine. 12.
The conposi tion dR.cl alhe dmpusitiehofichim\d whereinaht viscoelbstitolimenisal ur oni c

acid and th anesthef_i c agent is )idocajne. 13. The conposition of claim
1, wherein ufonic: aeifl a4 the anssthetic agest isdidoggiae.ur oni ¢ aci d and the
anesthetic agent is tetracaine. 14. The conposition of claimb5, wherein

t he viscoel astic polyner is
13. The composition of claim 1, wherein the viscoelastic polymer is

15 hyaluronic acid and the anesthetic agent is tetracaine.

14.  The composition of claim 5, wherein the viscoelastic polymer is

hyaluronic acid and the anesthetic agent is tetracaine.

15.  The composition of claim 1, wherein the viscoelastic polymer is

hyaluronic acid and the anesthetic agent is proparacaine.

20 16. The composition of claim 5, wherein the viscoelastic polymer is

hyaluronic acid and the anesthetic agent is proparacaine.

17.  The composition of claim 1, wherein the viscoelastic polymer is

hyaluronic acid and the anesthetic agent is phenacaine.



hyal uronic acid and t Is tetracai ne. 15. The
conposi ti OQM?% ﬂﬁi 3 m;m coel astic polyner is Ipgzxhusosnseoaci d
and the anesthetic ag e. 20 16. The conposition
of claimb5, wherein the vi scoel ast | c pol i's hyaluronic acid and the
anesthetic agent is proparacaine. e corrposi tion of claim1, wherein
the viscoel astic %ol yner I's hyal uron| ¢ acid and the anesthetic agent S
phenacai ne. 4818 T e‘Hﬁ‘B‘P@éWﬁé@ifﬂa@ﬁ Seherein Hheoviscprlastic polymer is

vi scoel ast| I ur anesthetic agent is
phenacai ne. ur lcrﬁcédgﬂ ﬁnc Egapg\gﬁé%erel n the viscoelastic
polynmer is hyaluronlc aci d and the anesthetic agent is cocaine. 5

20. The conposition of claim5, wherein the viscoelastic polymer is

hyal uronic acid d8d t rﬂlmdsmommfamtl iwhersin gherdscoglastic paliymer tmrposi ti on
of claim1, wherein t I.scoe stlc olyner, is hyaluronic acid and the -
anest heti c égélmomgaﬁaéﬁimf‘em gﬁ%@ ition of claimb5, wherein the
vi scoel astic polyner is 10 hyal uronic acid and the anesthetic agent is
naepai ne. 23. The conposition of claim 1, wherein the viscoelastic

pol ymer % sodi urpohy al THeosvapsitive dftetaimns; sitieedin theaviecteldstic bolyamrisne

hydr ochl ori de. 24. The conposition of claim5, wherein the viscoelastic
pol ymer i s dwaluteningeid and the ancsiitic pgentikeCABEi ¢ agent is |idocaine
hydrochl ori de. 15 25. The conposition of claim1, wherein the

vi scoel astic polyner is sodium hyal uronate and the anest het i c agent IS
propar acai ne hydrgchl orhdléompdiition JHtPaikCITRAEréih PHe PiscodiatiBpblynmirgs i n t he
vi scoel astic polyner is sodi'umhyaluronate and the anesthe | c agent is

pr opar acai néwalonic htidrand ¢he @esthetiT hgent dsmaspaineon of claim 1, wherein the
vi scoel astic polyner is 20 sodi um hyal uronate and the anest heti c agent is
phenacai ne hydrochl ori de.

22.  The composition of claim 5, wherein the viscoelastic polymer is

10  hyaluronic acid and the anesthetic agent is naepaine.

23.  The composition of claim 1, wherein the viscoelastic polymer is

sodium hyaluronate and the anesthetic agent is lidocaine hydrochloride.

24.  The composition of claim 5, wherein the viscoelastic polymer is

sodium hyaluronate and the anesthetic agent is lidocaine hydrochloride.

15 25.  The composition of claim 1, wherein the viscoelastic polymer is

sodium hyaluronate and the anesthetic agent is proparacaine hydrochloride.
26.  The composition of claim 5, wherein the viscoelastic polymer is

sodium hyaluronate and the anesthetic agent is proparacaine hydrochloride.

27.  The composition of claim 1, wherein the viscoelastic polymer is

20  sodium hyaluronate and the anesthetic agent is phenacaine hydrochloride.



PCT/ US98/ 05320 25 28. of claimb5, wherein the

vi scoel astwo pallyner | Hlmlﬁ“mﬂmtmnm"at e and the anest het | RCHY&H05520
phenacai ne hydrochloride. 29.t M"Thé cénposition of claim1l, wherein the
vi scoel astic polyner is sodium hyal uronajse and the anesthetic agent is

cocai ne hydrochloride. 5 e conposition of claim5, wherein

t he viscoel asti c,pol yrer i r lﬁg agent is
cocai ne hydrochl 8E| deﬁng%pggﬁéHc%gr%ﬂélgt %ﬁlleg}ﬁgﬁlgtc%ai& l?rgxteir']fst he

1 Vi scoel asti godiamityRRurdfatd 2 manahmhafccugeﬁﬁs phendchige ApdrichRiride. agent s

i naepai ne hydrochl oride. 32. The conposition of claim 1, wherein the

viscoel astic polymer is 10 sodi um hyal uronate and the anest hetic agent is
naepai ne hydrochl qrid .L.he 0Si t on 0 erein the
‘conplex is sel eclzgd fﬁg\%cf’ﬂ’ém@m%ﬁ?&gﬁ'@' ﬁ’&“b{he Cidtolfastic BEIHer f

atropi ne-1li ?&ﬁﬁfnﬁﬁlaﬂ% £ QRPHR anBith@R! d¥eniis QBE4AC RYdIBchibas. ur onat e,
atropi ne-tetracai uronate atropl e phenacal ne- hyal uronat e,
at r opi ne- cocai ne- hyal uronat e, atropi ne-naepai ne-hyal uronate,

atropine-|idocaine- 15 chondrojtin sulfate,
at r opi ne-Spr opar ad8i ne-Tdisnemnesition @GIWt%WhﬁIql%Hleﬁ@SQOEW%H?W“é%Ondr oi tin

sul fate, atro enacai ne-chondroitin | ne- naepai ne-
chondroitin g‘ﬁf’?’:tf}%ﬁ] urgnate an H’@a@S e 958 1s6:f)c£1f1%}1§]&§cﬁ%§$el n the conpl ex
is selected fromthe group consisting of

acetyl choline-lidocai ne-hyal uronate, acetyl choline-proparacai ne- 20
hyal uronat e, acetyl choli ne-tetracai ne-hyal uronat e,

tyl chol i ne-ph caipe-- h ] t yl.chol i ne- hyal te,
Scetyl chol | ne- hachlai neliey:omROHIGReE clti AR T YIRS P BOBFRR AT of L1 n
sulfate, ac %BXI[ ih a'.lﬁl%n?c@ Cﬁiegtﬁeﬁ@ f R ek iﬁé‘h*%%?flonde

acetyl chol i ne- acal ne- r0| tin's ate, acety I ne- phenacai ne-
chondroitin sulfate, and acetyl chol i ne- naepai ne-chondroitin sulfate. WO
98/41171 PCT/ US98/ 05320 26 35, The
conposition of cl3% m sThegasmpasiionnf claimp),evherain hg visqaslastic pRlymer is

10 sodium hyaluronate and the anesthetic agent is naepaine hydrochloride.

33. The composition of claim 5, wherein the complex is selected from the
group consisting of atropine-lidocaine-hyaluronate, atropine-proparacaine-
hyaluronate, atropine-tetracaine-hyaluronate, atropine-phenacaine-hyaluronate,
atropine-cocaine-hyaluronate, atropine-naepaine-hyaluronate, atropine-lidocaine-

15 chondroitin sulfate, atropine-proparacaine-chondroitin sulfate, atropine-tetracaine-
chondroitin sulfate, atropine-phenacaine-chondroitin sulfate, and atropine-naepaine-

chondroitin sulfate.

34, The composition of claim 5, wherein the complex is selected from the
group consisting of acetylcholine-lidocaine-hyaluronate, acetylcholine-proparacaine-
20 hyaluronate, acetylcholine-tetracaine-hyaluronate, acetylcholine-phenacaine--
hyaluronate, acetylcholine-cocaine-hyaluronate, acetylcholine-naepaine-hyaluronate,
acetylcholine-lidocaine-chondroitin sulfate, acetylcholine-proparacaine-chondroitin
sulfate, acetylcholine-tetracaine-chondroitin sulfate, acetylcholine-phenacaine-

chondroitin sulfate, and acetylcholine-naepaine-chondroitin sulfate.



roup consisting of p| l m‘ ne- hyal ur onat e,
gl | ocar pi nqv§r9§g§{7gcal mﬂ mmu““‘u" ﬂ pi | ocar pi ne-t et r acai nediydoghgRat e,
pi | ocar pi ne- phenacai ne cur énate, s p|’1 ocar pi ne- cocal ne- hyal uronate,

pi | ocar pi ne- naepai ne- hyal uronate, pil oca%(?l ne- | i docai ne-chondroitin
sul fate, pilocarpine-proparacai ne-chondroitin sul fate,

i | ocarpi ne-tetrgcai nezchondrojtin sulfate
f Bi | ocar Bi ne phenggai nghEWSHmOB‘ItWPﬁ fglaim yheggmjthe complex is selected from the

il ocarpin ' _ e . '(”ta_l ning the
g tructural Fnt @3’?’ P%lsu %}Gﬂﬂr&hﬁléﬁ ﬁgéré%%%aﬁ%%nate’éf@%@&%yémﬁgr% surgery
whi | e concuhyantongteppilodathing tetrieainehyakiro {lb&drpitie pHERdVafrich élﬁﬁbnﬂte
Vi scoel astic_polyner and a thera&e}ut lcally e fect I ve anount o

I anesthetic BHesArDing-cpeainrthy sinenatee pi Q@mn%-nb?}@m-h}ﬁlmme,tmhlcmine-
| 5 lidocaine-chondroitin suifate, pilocarpine-proparacaine-chondroitin sulfate,

pilocarpine-tetracaine-chondroitin sulfate, pilocarpine-phenacaine-chondroitin sulfate,

and pilocarpine-naepaine-chondroitin sulfate.

36. A method of maintaining the structural integrity of the anterior
10 chamber of the eye during surgery while concurrently providing anesthesia,
comprising administering a viscoelastic polymer and a therapeutically effective

amount of an anesthetic agent to be administered to a subject in need thereof,



