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-1- WO 96/32951 Descri ption CONTROLPEDUSSS/#53%Y- - OF
M OTl C*AND MYDRI ATI C DRUGS | N THE ANTERI OR CHAMBER. 1

I ntroduction The present-gavention relates to conposi -
tions, conprising a viscoelastic polynmer and a motic or nydriatic
agent, which nmaintain the structural - Integrity of the anterior chanber
of the eye during opht hal nol ogi cal ‘surgery, thereby protecting the
tissues that formand line the anterior segnment from potenti al damage
and 'si nul t aneously providing sustai npéscriptébnvery of a motic or
nmydriatic agent. The present invention also provides for conpositions
wherein sustained release of a motic or nydriatic agent is nmedi ated by

m crocapsul es CONTROLLEDERELEASE| OB MEOTIS AND MYDRIATIC DRUGSRQHRITHEN of
The I nventi ONANTERIOR CHAMBERVhI ntaining the integrity of the anatomc

conponents of the eye facilitates the delicate mani pu- | ati ons,
performed w tfi.nIntxoduatdeon of ophthal - nmol ogi cal surgery. 10
One conponent which may be controlled is the anterior chanber of the

eye. As shown in Fi gur e The present Jdnvantion kgiakes sto ca®RBASHEt ween t he

90: nea ang L hteions,it Goapz;ilﬁhgoasﬁﬁrddaem(fitmhepclriﬁnéﬁ élxga #?ﬁiot!\./&iﬁhni)s
I Nnterpose etween e .gqnteril or C r _and rger VI LIeous chanper,
filled with vPFrB¥eT agenty. "%@"e“'{ d’i‘%ﬁ‘#ga’tmeﬁk%ﬁﬂ‘b?‘é‘l‘r?ﬁt egrity of

the anterior integrity of the anterior chamber of the eye during
ophthalmological surgery, thereby protecting the
tissues that form and line the anterior segment from
potential damage and simultaneously providing sustained
delivery of a miotic or mydriatic agent.
The present invention also provides for compositions
wherein sustained release of a miotic or mydriatic
agent is mediated by microcapsules or copolymer
micelles. : _

5 2. Backqround of The Invention
Maintaining the integrity of the anatomic

components of the eyé facilitates the delicate manipu-
lations, performed within small areas, of ophthal-
melogical surgery.

10 : 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 postérior to the iris is the lens, which is
interposed between the anterior chamber and the larger

5 vitreous chamber, filled with vitreous humor. Main-
taining the structural integrity of the anterior

' chamber minimizes the risk that the endothelium and/or
the iris will be damaged during surgery. The
- introduction of viscoelastic materials, such as sodium
20 hyaluronate, chondroitin sulfate, hydroxypropyl |
' methylcéllulose, and methylcellulose, into the anterior



chanber mnimzes the risk that the endothel i um and/ or the iris wll be
damaged durwaga%gs gery. The I nt.roducti on of viscoel asti CcpopUSHEEs3ss
such as sodi um hyal uronate, chondroitin sulfate, hydroxypropyl

met hyl cel | ul ose, and nethyl cellul ose, ipLQ the anterior WO

96/ 32951 PCT/ US96/ 05385

-2- chanber prevents the chanber from coll apsing during

surgery. Anot her conponent that nay be controlled is

pupi | size. During cataract surgery, it is desirable 5 that the pupil is
dilated, so tdimnasqnfedéntdidcie Chanber i from redllapshingdatPengnsertion of
a posterior chanber inplant is facilitated. A variety of nydriatic
drugs, SHPY at ropi ne (a cholinergic blocker), phenyl ephrine

(an adrenergic stinul atangthexnccqmporientt dthatn My beheentookleédvisbeen used

in this regarpq_llo Ica{}'aé/ miﬁ&téﬁéﬁﬁ‘éﬂﬁﬁ&?“i’tl 5 re?g g plered via

ext er nal active inplants

and. Secorkhaty theapupil nis dilated sRg |hag "#ﬁféﬁﬁﬁ;"f}‘) pepe| lems | s
desirable, ingr r?i:&{é‘cﬂuéﬁ‘d ¥ iﬁmo@m b postdt £t Géhaxpeshi as,

prevent iris tUCkI ] facilitate roprlat osifionin of t he
i mpl ant . imRls I’r%/ %&ﬁ)ﬂjéif‘ dodhr %ﬁth%aﬂ' F1¢ FERIH
ergi c sti ml afudls)as ke sta g:mdnnekqmsemm&a tpwmydbephrme
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however ,10and inhilict o= mave been used in this regard, and have
hitherto predomlnantly been admlnlstered via external
appllcatlon.

Conversely, in refractive implants and
secondary aphakic implants, a smaller ("miotic") pupil
i5 is desirable, in order to reduce iris trauma, avoid

anterior synechias, preveht iris tucking, and
facilitate appropriate positioning of the implant.
Externally applied pilocarpine and carbachol (chelin-
ergic stimulators), and physostigmine, demecarium :

.20 Dbromide, echothiophate iodide, and isofluorphate
(cholinesterase inhibitors) have been used for this
purpose. '

During surgery, however, and in the open eye,
the efficacy of topical medication is reduced. Dilution

25 and runoff preclude a continued high dose of effective
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.

30 Previous attempts to achieve long-term
maintenance of effective drug levels have employed
sustained drug delivery technology, using systemic or
transdermal administration, or the positioning of a
bicerodible drug delivery device external to the eye.

35 Such methods have been used primarily to control
intraocular pressure in glaucoma patients. However,



the efficacy of topical nedication is reduced. Dilution 25 and runoff
preclude a continued hi gh dose of effective. medi cati on. Even the direct
i ntroducti oW@96/3898L | C agents such as acetyl choline chl or P& 95
car bachol do not provide long termeffects and often require

frequent repeated adnministration into the3spen eye. 30 Pr evi ous
attenpts to achieve long-term  maintenance of effective druglevels have
enpl oyed sustai ned drug delivery technol ogy, using systemc or
transdermal admnistration, or the positioning of a bi oer odi bl e drug

delivery device external to the eye. 35 Such nethods e been used

primarily to P&d@ro/to the Hﬁ"ﬁﬁﬁlld? veptian, 1o pet d%?ﬁ&ﬁ §FFEnts

EOC\_/I\_//G\(J;F%/ 0539devxs\éﬁ WHivHP tombines sustained mydriatic or miotic ]
rior to the

pr esent mven?lrb‘ﬁ ded TFeT iR %tenanc%e% sﬂgevﬁﬁ%'ﬁc%%ﬁﬁ nes sustai ned

nydriatic or dntegrity oﬁﬂtn;(aﬂteniqrwnhamhﬁwntenance of the structura

integrity of the anterior chanber. 5 3. Summary of The

| nvention - The present |nvent|on relates to conpositions

whi ch maySbe used to nmint ai - tSSBR fhe; fnyer of the anterior

Chgnber of the eye and Thed e ségg: dmvéuﬁida? rlaﬁlé@é%a@@ @émﬁogh.ﬁ‘ibﬁsor
g¥/ ri atlfhgg??{béﬁ#\ éaﬁ)l ous, 3: %Qﬁ'{ :)%ht e%&\:/gn ﬁongogtlons
sust ai ned reletsthd:anhenmun:chamnshlaﬁ|themgyé amd to prmMidéed by ionic
| nteractions. shgtéfhlga éTEQE@ Bt miotic or mydriatic agent. In -
5 various embodiments of the invention, compoéitions of

the invention comprise a viscoelastic polymer, wherein

.sustained release of a miotic or mydriatic agent is

mediated by ionic interactions. In further embodiments

of the invention, sustained release of a miotic or

"~ 10 mydriatic agent is mediated by microcapsules or

copolymer micelles. In particular embodiments, the

compositions of the invention may be used to provide

both rapid release of miotic or mydriatic agent as well

as slower, sustained release.

15 . 4. Description of The Figures
FIGURE 1. Clemente, 1978, in "Anatomy”, Lea
and Fibiger, Philadelphia, fig. S01.
' FIGURE 2. Dilution effect of miotic or
mydriatic agents in the anterior chamber of the eye
20 caused by the normal turnover rate of agueous 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
unbound drug= 0.025 moles/liter plus viscoelastic
25 polymer-drug complex=0.0500 equivalents/liter in
physiological saline; and Curve C represents visco-
elastic polymer-drug complex = 0.100 equivalents/liter
"in physiological saline.



of the invention, sustained release of a miotic or 10 mydriatic agent is
medi at ed by nlcrocaPsuIes or copol yner mcell es. In'partggﬂkg o
enbodi ment s, ¥ conpositions of the invention nmay be us £?W§§ﬁ de

both rapid release of n1ot|c or nydrlatlc agent as wel | : as sl ower,

sust ai-ned rel ease. 15 4-4Description of The Figures :
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Detai | ed Description of e iRFdG Agents: For clarity of
presentation, and not bx3WawydriatabIagentnﬁcnl the detail ed description
of the inven- Lion gy Gohpdedesdnd o gfa iQVeReiBRG! AP °

(1) V|scoelast|c polyner tic agert

(5) methods for u51ng the comp051tlons of the

10 _;nventlon. N '

' ' 1. Viscoelastic Polymers

The present invention provides for com-
positions comprising viscoelastic polymers, including
but not limited to the anionic viscoelastic polymers

15 hyaluronic acid (hyaluronate), chondroitin sulféte,

. dermatan sulfate, carboxymethylcellulose, heparin
sulfate, keratan sulfate, carboxymethylhydroxypropyl-
cellulose, carboxymethylhydroxethylcellulose, cellulose
sulfate, cellulose phosphate, carboxymethylguar,

20 carboxymethylhydroxypropylguar,
carboxymethylhydroxyethylguar, xanthan gum, carra-
geenan, anionic polysaccharides, anionic pioteins and
polypeptides, anionic polyacrylamide, anionic poly-N-
vinylpyrrollidone, anionic polydimethyl acrylamide,

25 polymers and copolymers of 2-acrylamido-2-methyl-
propanesulfonic acid, acrylic acid and methacrylic
acid. The foregoing compounds, in their non-ionized
forms, may function as acidic polymers; in their
ionized forms, the compounds may function as polymeric

30 anions.

The viscoelastic polymers of the invention
range in molecular weight from 50,000 to 8,000,000
daltons, depending on the polyﬁer of choice. For
example, an average molecular weight of from 1,000,000

35 to 5;000,000 daltons is commonly used for sodium
hyaluronate, whereas an average molecular weight of



(3) nydriatic agents; | (4) conpositions of the invention; and
(5) nethodsyé9émzesi N0 the conpositions of the 10  inventi onpcrusosns3os

5.1. Viscoelastic Polymers : _ " The present invention provides
for com posi tions conprising vi scgglastic polyners, including _
but not limted to the anionic viscoelastic polyners 15 hyal uroni ¢ acid
(hyal uronate), chondroitin sulfate, dermat an sul f at e,
..carboxynet hyl cel | ul ose, heparin - sulfate, keratan sulfate,

car boxymet hyl hydr oxypr opyl - cel | ul ose, -

car boxymet hybhﬁwewﬁmdd,w%aam%ylmeﬁqzlﬁyl.ﬁgéa, falgl | ul ose
phosphate, c oxynet uar, C oxy y o Q ar,
carboxynethyﬁ&?ﬁ?&yyﬁékﬁ%ﬁﬁﬁafiﬁﬁ&*éEPiﬁﬁ{gkﬁu?%abénéygéégﬁag? ani oni c
pol ysacchar i ¥dscomliastiic poiymers mayl vary fxow kg /fel, tansonmg/ml,
ol yacryl am de. 'Q@%% ) ' n .
Bol ydi met hyl Qg)g r ?gm' e,ba?S&'IJ&E)noIsyrfm&/\éﬂ]'naxrll'ld‘:p Z%‘{)%%/rﬁ? se%l?én’I’QEESSItY
2-acryl affi do®%- yiscoelastish Relymenmay ATy oyl leoaceentid
ot hacty11 o, stokeSCkd. eBIOURUMLAIGIOUHNE pidrédebly BRh0%l 568 |
orns, may functi,on as acidic _polyners, . _ ,
conpounds nafeP ﬁéFP%ﬁsa§°baﬁ5%9ﬂ9?4§}5tékﬁ§néﬁr hydroxypropyl-The
vi scoel ast i cmpuhyrreeamuoslael ainidv eﬂﬁgmrzod_ooo ram‘éﬁbyl:@é ewl?o,gopght Lrom
50, 000 to 8, t endin nt ol yirer of _choice. For
exanpl e, an ggg‘é%&°§§ﬁe§%§aﬁgﬁ%?&5ﬁqﬁ%ﬁ%'0%‘,‘8})6){ °51$188000, 000
dal t ons1Ps cBptophlyuebabier thediimbroductiom wirthe palymensintoaver age

nol ecul ar weiglt ¢9b by inject@@h?@&sa%%kusion, but also are viscous
PCT/ US96/ 05395 \ e . . “ \ '
enough to remain within the anterior chamber (that is

- to say, will not run off easily), maintain its struc-
. tural integrity, and permit easy withdrawal. Further-
15 more, the viscoelastic polymers of the invention are
water soluble and can be eluted with time.

5.2. Miotic Agents
The present invention provides for com-
positions comprising miotic agents including, but not
20 limited to, pilocarpine, isopilocarpine, pilocarpine
“hydrochloride, pilocarpine nitrate, isopilocarpine
hydrochloride, isopilocarpine nitrate, carbachol,
physostigmine, physostigmine sulfate, physostigmine
sulfite, demecarium brémide, ecothiophate iodide and
25 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
30 to be provided by the cdmposition. Of the foregoing
list, agents that are considered basic include: pilo-
carpine, isopilocarpine, and physostigmine; agents that
are considered hydrophobic include: pilocarpine,
isopilocarpine, and physostigmine; and agents that are
35 considered cationic include demecarium bromide,



greater than 80,000 daltons is normally used for

hydr oxypropyl net hyl cel | ul ose. The concentrati on of Vi sCogl4 ymer
may vary fr o383 1 to 60 ng/ m , and preferably from5 ng/n?aggggo
ng/ M. The viscosity 5 of the V|scoela§t|c pol ymer may vary from 1000
centi - stokes to 60,000 centistokes, and preferably from 2, 500
centistokes to 5,500 centistokes for hydroxypropyl- nmet hyl cel | ul ose
and from 20, 000 centi stokes to 40, 000 centistokes for sodium ~

hyal uronate. Such viscosities 10 not only enable the introduction of the
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Wi t hdr awal . FuééﬁwiocééplﬁafﬁitfaeeyIésﬁﬁieﬁblp physoetigainehsulrvent i on
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5.2. Motic Aﬁﬁﬁ?s acetyfghoflne #§£§$%s%ﬁ$ éhggﬂfFﬁﬁmﬁpgvfgéglFbr com

positions conprising motic agents including, but not 20 limted to,

pi | ocar plfpe I sopi | ocar pi ne, pisl gcaWhl oride, pilocarpine

nitrate, Tsopil ocarpine hydroc ocarpine nitrate,

carbachol physostT§ﬁ1n@esﬁnPSbEYﬁﬁﬁiﬁé BEPY&@ES HYSGQPrgn1ne

sulfite, ”ﬁ? ieﬂbﬂéoabﬂﬁrxssﬁéhhﬁ&hﬁieieOdgéﬁtanﬂnaiudla§¢tbhthollne
er

chl ori de. red a gents are £ gocar | ne.and

i sopi | ocar pi Mae% akipited EBanEﬁﬂElne' atropine sulgﬁ EFS AWEnts of the
i nventi on mayp ochlotidé| zatiropinethethyzbromidey abnogede methyﬂrc form
dependi ng_ on t ture of th [TAY, HQvi ded
by the cﬂ%poé?%gﬁﬁ aFﬁgp%Bg égﬁégaaggc nggﬁghén§ o?% ? aPe C nS|dered
basi ¢ i ncl udeephrine, phenyhephngnelbm@roebéﬂpiﬂe, bydrpNysost i gni ne;

agents that apg hégsmﬁﬁaS' ﬂﬁ&féxpxﬂﬁﬂa@mﬁel ghyssmﬁhhecanpaaaxy-

i sopi | ocar pi ne, sb6st1gm ne; ent s a& %5 (of0) sldered
cationic |ncI%EBhGEﬁ%éBFlBﬂ?ﬁ?ﬁhiﬂﬁl e' ydroxyamphe anine iodide;

cyclopentolate, cyclopentolate hydrochloride, homa-
15 tropine, homatropine hydrobromide, homatropine hydro-
chloride, homatropine methylbromide, scopolamine,
scopolamine hydrobromide, scopolamine hydrochloride,
scopolamine methylbromide, scopolamine methylnitrate,
scopolamine N-oxide, tropicamide, tropicanide hydro-
20 bromide, and tropicamide hydrochloride. Preferred
agents are members of the atropine family and
phenylephrine family of compounds.
The mydriatic agents of the invention may be
utilized in either.neutral or charged, cationic form,
25 depending on the nature of the sustained drug delivery
to be provided by the composition. Of the foregoing
list, agents that are considered basic include: atro-
pine, phenylephrine, hydroxyamphetamine, cyclo-
pentolate, homatropine, scopolamine, and tropicamide;
30 agents that are hydrophobic include atropine, phenyl- .
ephrine, hydroxyamphetamine, cyclopentolate, homa-
tropine, scopolamine, and tropicamide; and agents that
are considered cationic include atropine sulfate,
atropine hydrochloride, atropine methylbromide,
35 atropine methylnitrate, atropine_hyperduric, atropine
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- 6- ﬁf)jﬁspphat e iodide, pilocarpine hydrochloride, pcrngSebo$espi ne
nitrate,- |sop| ocar pi ne hydrochlori de, i sopi.l ocarpine nitrate,

car bachol, physostigm ne sul - fate,_gcetyl choline chloride and
physostignine sulfite. 5 - - 5.3. Mydriatic Agents

The present invention provides for com positions conprising nydriatic
agents i ncl udi ng, - but not limted to, atropine, atropine sulfate,

at ropi ne hydr ochl ori de, -atropi ne net hyl bromi de, atropine nmethyl- 10

nitrate, at rprmdwp@lﬂﬂyilepmihyﬁﬁ&&ddﬁdélb&iwroxya ephrine,
phenylephrlne h drochlorl dro am rox et am ne
hydr obr om ded™ é i°%1 ?ﬁ%‘é’w&‘%ﬁ o%od"h@%'r R éﬁﬁnﬁ& am ne
i-odi de, amphb&pndnd hwdxabpdmﬂdau(dynkppqnhaiﬁtewhxﬂroebhar105,

tropine, ho diy ggyggfqa g7V r | de,
: honatroplnenﬁbﬁﬁekgﬁgﬁ¥ de,;” scopo gﬁ?ﬁe dy%ﬂéggagjékﬁ$@5¥}§Pi§%bn1de
scopol anPne hpma EFP@PFd@ethyl SRIGE 12 RORP HhR QNhYﬁﬁﬂbr@By@GPanlne
met hyl ni tr at §copolamifieP @l Ml‘&@.&éﬂesddpﬁlacﬂﬂéj%eﬁﬁﬁIbWQS hydro- 20
brom de, and tro |can1de ¥grgpqﬁﬁrlde Pr%ﬁgfred agents are nenbers
of the atropPfg Mg pounds.
The nydri ati trep&ehmdb t and tyopicamidey HyarobromidéJ zed in either
neutral or charged, cationic form 25 depending on the nature of the
sust ai ned drug delivery to be prOV|ded by the conp05|t|on ~OF the
foregoing - list, ag§nﬁs : E 1= the 1 »atro-
pi ne, ppgnyl ephri ne, eogaeggah%t am&‘aglw ovides RUY Udthfosi-
homat r opi ne, scopolan1ne tropi cam

o tions which provide . sustalned release of miotic or

mydriatic agents, as described above, in which release
of the agent is mediated by (1) ionic (including acid-
base) interactions; (2) microcapsules; or (3) copolymer
15 micelles; The compositions also provide a means for
maintaining the structura1 integrity of the anterior
chamber of the eye. .
In a first set of nonlimiting embodiments,
the present invention provides for compositions in
20 which the sustained release of miotic or mydriatic
agent is achieved through ionic interactions between
the agent and a viscoelastic polymer. In particular
'embodiments, a cdmposition may comprise an anionic
viscoelastic polymer and a cationic miotic or mydriatic
25 .agent, in which case the cationic agent of the com-
position, 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 poly-
30 mer acid may be sodium hyaluronate, and the cationic
agent may be the mydriatic agent atropine sulfate,
where, in the preparation of the composition, sodium
sulfate (and bisulfate) are removed by using an excess
of the atropine sulfate in the presence of a lesser
- 35  amount of sodium hyaluronate followed by dialysis. This



30 agents that are hydrophobic include atropine, phenyl- ephri ne,

hydr oxyanpheyggsafs; cycl opentol ate, hona- tropi ne, scopopeUSSs/0539% -
tropi cam de; and agents that . are consi dered cationic include atropine
sul f at e, atropi ne hydrochl oride, atrgpine nethyl bronide, 35 at ropi ne
met hyl nitrate, atropine hyperduric, atropine . - WD 96/ 32951 '
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phenyl ephri ne hydrochl ori de, hydroxy- -anphet ani ne i odi de,

hydr oxyanphet am ne i odi de, hydr oxy- anphet am ne hydr obr om de,

cycl opent ol at q:ﬂ‘t;@hsshhayinb repeatd nsevexma het imels obo goreparéoanhighi ne
hydrochlorlde gt m de,
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methyl nitrate nmbmiiammeemmﬂdmt. the tam@iammiesc@mbastbpu pedvyde
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sust ai ned & el A% ke ¥hemiotic agenw %E?%P%&%ntghl% BRY cPEbhER™AbOVE,
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mydri ati &0 hloride can be effected, yielding phenylephrlne _
hyaluronate.

In a second, related set of nonlimiting
embodiments, the present invention provides for com-
positions in which the sustained release of miotic or

15 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 com-

20 position, 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
displacement of the drug from existing cations. In one
specific, nonlimiting embodiment, the acidic visco-

25 elastic polymer acid may be hyaluronic acid, and the
basic agent may be the mydriatic agent atropine. When
these two compounds are combined in the composition,
the polymeric salt atropine hyaluronate may be formed.
In another specific, nonlimiting embodiment, hyaluronic

30 acid may be interacted with the basic miotic drug pilo-
carpine in water at a temperature range of 5 to 50°C
(wherein the pilocarpine becomes protonated by the
polyacid and is rendered a salt of the viscoelastic
polymer), followed by dialysis or ultrafiltration to

35 remove unreacted pilocarpine. The resulting pilo-
carpine hyaluronate composition may then, alter-
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err})]gdlt ment, . :ﬁetwatmnzsovanconasmosmphgy, or mayebemcbyemedqm}bu tin

sul fate an i oni t

whi ch may tmaék*ﬁng in ﬁ?ﬁgﬁ %r é%tg§¥8??%59§8 ﬁn:g ﬂgr0|t|n suI?g?g wth
pllocarplneIﬁ@bcmfdor|Uenlin1?b09aﬁmbﬂéim§§§09f|Ehe inveRtdionyi t i ng

enbodi ment, éf&'r&fifé%gfd' ﬂ&ffﬁét s.ﬁﬂeractehetvmantﬁedmyaﬁﬂaaiw onate and
phenylephrlne ydr o- | oride can be effe g ylelﬂ phenyl ephri ne
hyal ur ort e. agent phenylephrﬁnﬁ %BcBﬂBe°P§I§PiH igps ps BHgﬁM1n ng

embodi nent s, éf@e@éeéﬁnﬁhéﬂy@éf:hﬁﬂna;Ofbmeewédrbyomlalysis, yielding
phenylephrine hyaluronate.
In a nonlimiting example relating to the
_ sustained release of a miotic or mydriatic agent from
15 the anterior chamber of the eye, Figure 2 depicts three
representative conditions using an agueous humor volunme
of 310 microliters and an agqueous humor turnover rate
of 1.5 microliters per minute (Schoenwald, 1993,
"Pharmacokinetics in Ocular Drug Delivery" (ChapterIIO)
20 in opha ceuticals of Ocula
Press, Inc., Boca Raton, Fl.). Units for unbound drug
are given in moles per liter, and units for visco-
elastic polymers are given in units of eguivalents per
liter, which would describe any viscoelastic polymer
25 with any miotic or mydriatic drug.
' 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
30 rate of agueous 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 polymer—drhg complex has a

35 predicted cooperative binding constant of 5 x 10™2
(Hayakawa et al., 1983, Macromolecules 16:1642). This
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the osnol al ity ¢6rv85c obFiguré kg PEPresehes abbi-complexed
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(bound) drug-viscoelastic polymer, wherein the initial

‘concentration of 0.100 equivalents per liter (producing

an equilibrium initial concentration of 0.500 moles per
liter of unbound drug) is reduced to 0.0354 moles per:
liter after 6 hours of duration in the eye, caused by
the turnover of aqueous humor. This final concentration
is more than 4 times greater than the final concen-

onposi tion,
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tration of unbound drug, and slightly greater than that-

of Curve B. In this curve, the viscoelastic polymer-
drug complex has a predicted cooperative bindihg
constant of 5 x 10”2 (Hayakawa et al., 1983,
Macromolecules 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.

In a third set of nonlimiting embodiments,

the present invention provides for compositions which

comprise microcapsules that are soluble or swellable in
agqueous media and preferably biodegradable, which them-
selves 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 desirably be smaller than the
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sust ai ned rel ease of a motic or nydriatic agent from 15 the anterior
chanber of the eye, ure 2 depicts three representative conditions

using an aqueUG!ehenﬁt vofuAdght inoprdey o PRevieits ldghtySeakrous hunor
turnover rateteringOhnd Emghe.i:ehl vesiohS! I RWie Erovedur dhd %gent

"Phar macoki netjc Cc De eryh ( ter 10) 20 in_.
B|obharnaceut?taF§°6FngﬁlépcﬁfgarﬁgFﬁvé¥§ ggﬁpmlcrqégﬁﬁqurﬁ%{l?%ca

Rat on, fFI ). fbrhmatfion uMbthedmdcngcapsulenesgmmentMDlvﬂ-snsityléfer, and
units forgvi 4 i Len si ents
per ?ltéﬁgcﬁﬁceﬁswég%dige @kxgg I%Mgc§é%&§ﬁé§%§) mnth any
motic or nydeaytbe added to maintaln the| antiegior Eha@&mue A represents
unbound dr ug, wher QBQﬁbEBethtbb Fsaqagemayayeoa&fn%&&%m

noles/liter is dimnished to l[iter "after . hour s of

dilution in t%EhﬁyﬁntEXUQéﬂdSFfPﬁéb@&rHG@XPE§§' SRR & RAEIPETunor .
Curve B of Fi ma&elaer ear pa&yt-snalaethuaabbeg1ycoliaﬁa URipGlEN], Ciml G0

vi scoel resent Lon-co xed Qun
U1 scoel aghl ¢ BORThall B°Aahe"tHeo, micklabRUER: Ertaliidly an
polyner-drug apppbpriate agaﬁt (fcidrkecdtcadper a89dg Polymey constant of 5

x 10[err] — pr&bBYRKE"3sTh)33). 19§§te¥ﬁ§£§%‘1§cug§§,ﬁ8§%61642) Thi's

WO 96/ 32951 / 05395
-10- microcapsules may be derived from pH sensitive poly-

- mers, where a change in pH can cause expansion of the
15 microcapsule, leading to a sustained release drug
delivery system. An example of such a pH-sensitive |
polymer is poly(L)-lysine-alt-terephthalic acid, which,
at pH values greater than 6, expands (Makino et al.,
1994, Polymer Preprints 35: 54). Biodegradable micro-
20 capsules containing miotic or mydriatic agent may be
prepared using polymers, such as polylactide or poly-
lactide-co-glycollde, that decompose after a period of

time. : _

In a fourth set of nonlimiting embodiments,

25 the present invention provides for compositions which
comprise soluble copolymer micelles comprising a
miotic or mydriatic agent, wherein the micelles com-
prise a hydrophilic and a hydrophobic portion, and the
agent (in its uncharged form) is absorbed into the

30 hydrophobic portion of the copolymer micelle (Arca et
al., 1994, Polymer Preprints 35: 71). At equilibrium, a
hydrophobic drug, such as phenylephrine, may be _
expected to reside both inside and outside the copoly-
mer micelle. When the preparation is placed in the

35 anterior chamber of the eye, as the exterior agent is
removed, the interior agent may be slowly released.
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ant eri or 18han®8r °6fie€-'h§°e9'élnta1n the structuyal iptegrity of ﬁf&ﬁ | mting
enbodi nents, zfAtetrherpehaaberi.nvention provides for conpositions which
conprise mcrocapsul es at _are s Iub %ueous medi a

and preferably bi odegrad3fi BF e\ﬁﬁf‘ hlPPngh 1°nm%“§§%§spf8¥dﬁe§e Yotic or
nmydriatic ageqo;npusétepnst kemprisingeat pimnyaldtyl of.em.mlc Bgentss t he

Such m o1 poapth BcPHPKIIEYSE Biardatip) BgeAtas 0o Svells Tpieally
15 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 desired pupil ‘size for the desired period of

time. Such amounts will vary between agents, but may

20 readily be determined using the dose-response relation-
ships known to the skilled artisan. The concentration
of mitoic or mydriatic agent may vary from 0.001 mg/ml
to 20 mg/ﬁl, and preferably from 0.025 mg/ml to 10
mg/ml. As one specific, nonlimiting example, where the

25 miotic drug is acetylcholine chloride, a polymer/drug
complex formulation may be prepared using a solutioh of
acetylcholine chloride with acetylcholine hyaluronate,
‘where the acetylcholine concentration may be 10 mg/ml

~ and the osmolality may be adjusted to 305 mosm/kg by

30 mannitol. As another specific, nonlimiting example,
where the miotic agent is pilocarpine hydrochloride, a
polymer/drug complex formulétion may be prepared using
a solution of pilocarpine hydrochloride with pilo~-
carpine hyaluronate, where the pilocarpine concen-

35 tration may be 1 mg/ml and the osmolality may be
adjusted to 305 mosm/kg by mannitol. As yet another
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m crocapsul e. Since the viscosity of 5 mcrocapsules is typically low,  a
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In a fourth aagugi:eaonlslmgtm mwlﬂ@nﬁiaﬂmﬂ esent invention
provideg for conpositi

whi ¢ AR so.JhIe CORo. r-mcelles
conpri sf Bg a m ot %8 8?‘sﬁyd‘ﬁ s c“?é’é’rﬁa” & r&PQ'}?f%nfTes com
prise-a hydrmplbgic sntgerhydtuphdmntqwm%hhnwosmuialmty of thent (inits

ggggﬁ;?rg? fos;e{}'FH' %béﬁ%g\?gf %tfot%‘l;e 3%94@‘%;)%%% epri nts géhy?]i) At
equ|||br|unllavent10n preferably exhibit an osmolallty such that
their introduction into the eye may not detrimentally

15 alter the osmolality of the anterior chamber. The
osmolality of the 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

20 viscoelastic polymer drug ion complex could be main-
tained 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 solution), or
by a solution of, or in combination with, a neutral

25 agent,.such as glycerine (where a 2.6 weight percent
solution is isotonic relative to a 0.9 weight percent
NaCl solution) or mannitol (where a 5 07% solution is
isotonic relative to a 0.9 weight percent NaCl solu-
tion). If traditional isotonic solutlons are used,

30 which may contain sodium ions, potassium ions, calcium
ions, etc., such ions may prematurely displace the ion-
complexed drug, releasing it into solution, and an:
excess of the cationic drug may be required to be added
in order to readjust the polymer-drug equilibrium. In

35 preferred embodiments of the invention, the osmolality
of the compositions may be between about 280 and 340
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is between 1,000 and 60, ,000 centistokes and preferably
between 2,500 and 40,000 centistokes. Where visco-
elastic polymers are used, the concentrations of

e 15 viscoelastic polymer are preferably between about 10
mg/ml and 30mg/ml in aqueous (preferably isotonic)
solution.

5.5. Methods of Using Compositions of The Invention

The coﬁpositions of the invention are

20 particularly useful when employed during a variety of
ophthalmological surgical procedures, such as proce-
dures desirably performed while the pupil is dilated,
including intracapsular and extracapsular surgery and
fistulizing procedures, and procedures desirably per-

25 formed while the pupil is miotic, including anterior
segment surgery, such as surgical separation of

- vitreo/corneal adhesions, separation of iris/corneal
adhesions, and the placement of phakic refractive
implants and secondary aphakic implants.

30 For example, and not by way of limitation,
compositions comprising a mydriatic agent, according to
the invention, may be used in standard extracapsular
cataract surgery carried out under topical or retro-
bulbar anesthesia.
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In another nonlimiting example, mlotlc

compositions according to the invention may be used in
15 standard myopic refractive implant placement proce-
dures. After a paracentesis is carried out, the miotic
composition may be injected into the anterior chamber.
Then, an entrance incision may be made, the implant may
be positioned, the wound may be sutured, and the
20 viscous miotic composition may be irrigated from the
eye. _ '
The use of compositions of the invention
offer a number of advantages. First, the present
invention provides for a composition which may
25 simultaneously provide both mechanical and pharma-
ceutical 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
30 surgery. Third, the compositions of the invention may
| . prevent or reduce a rise in intraocular pressure which
| may be assoc1ated with the use of a viscoelastic solu-
tion whlch does not comprise a miotic agent. Fourth,
the use of compositions of the invention may be used to
35 prevent posterior or anterior synechias by keeping the
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elevatory potential of the viscoelastic.
' ‘Various publications are cited herein, which
15 are hereby incorporated by reference in their entire-
ties.
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For exanpl e, vitouXastiogoDmer ¢ hyahuronic aei@oandi ené agemt sing a
nmydriatic agent, ,according to the invention, may be used in standard

extracapSUraﬁs atrqgﬁﬁﬁhct surgery carried out under topical or retro-
bul bar anest hesi a. 3. The\xatp@eiEion of claim 1, wherein the

PCT/ US9§/P5393 gcoelastic polymer is hyaluronic'&éid:and the ag;nt
is pilocarpine. S
4. The composition of claim 1, wherein the
viscoelastic polymer is hyalurcnic acid and the agent
is phenylephrine. ' .
15 S. The compositioh of claim 1, wherein the
" viscoelastic polymer is hyaluronic acid and the agent
is isopilocarpine. _ .
6. The composition of claim 1, whetein the
viscoelastic polymer and the agent are coﬁprised in a
20 complex, wherein the complex is acetylcholine
hyaluronate. .
7. A composition for use in ophthalmologic
surgery comprising an anionic viscoelastic polymer and
a cationic agent selected from the group consisting of -
25 miotic agents and mydriatic agents. _
| 8. The composition of claim 7, wherein the
viscoelastic polymer is sodium hyaluronate and the
agent is atropine sulfate. |
9. The composition of claim 7, wherein the
30 viscoelastic polymer is chondroitin sulfate and the
agent is pilocarpine hydrochloride. |
10. The composition of claim 7, wherein the
viscoelastic polymer is sodium hyaluronate and the
agent is phenylephrine hydrochloride.



It should be noted that retrobul bar anesthesia tends to make the iris
sonewhat Nnorge9gRNsyi ve to dilating or . constricting droppcriiseéndsdg’ S

Law). The nydriatic conposition of the invention hen be i njected

into 5 the anterior chanber before and/gg_after an appropriate
capsulotony. Irrigation, aspiration, expression, or ﬁl

phacoenul sification of the cataract may then be per- ”*I m,M‘"Hlm”m
i npl ant may then be inserted, and residual nydriatic vi‘scbus" mat erx al
may be irrigated fromthe 10 "eye. In such procedures, the conposition of
tre inven-  tion nallai@héheoﬁpr&eEFﬁnpﬁfclb&m|60?wﬁ@&dﬂﬁﬂﬁhﬁ

pl acement . . . n,anot her nonlim{ing examle,: i C
conposi ti ons %tEGPELAGEES PR%YPﬁyeﬁFiﬁﬁaﬁﬂﬁ bgaSEEBnF el?“ngéﬁﬂard myopi ¢
refractive i npgent psaaeetylchodise chlorddees. After a paracentesis is
carried oqt, the moticy,. Thgoggﬂgbgiggogagfbglhgge95e%hbgg.Aﬂgiéwnerlor
~chanber . Then, an éntrance 1 ncision nmay be_nade, "t he Tnplant nay

be positi®nedvisaeelaakicnpplymesyisr sediupdhypduyonakesands theotic

conposi tion ”@?eﬁﬁ i5' p92bedrping hj@rochloeide. -, The use of
conpositions of the invention oftgu a ngnbgr,of adv ntgggf. First, the
present i nvention provrBEsCPBPOSIELABLSF: £ ﬁlﬂhFch"ﬁﬁf the

sin?lfaneoushvﬁchdldetbctbomynbanisahoamdmphgamarﬁnate and! tha ac;iVLties
useful in op o] [ e conpositions of the

I nvention nayéggkggig iggbi?§ég§P¥g?yh¥dF§§ggggF?Eheed for a neans for

provi di n{o sust ai ned4r ehecompositiion fovr usgdinacpbthgdmodogic ng 30
surgery.. Thir c k Lk QRS ' t] r or reduce
arisein int?%%%%f%reg?@é%%?ggmﬁ?éﬁéagaaﬁggabggg§§g§PgPé§gMA*%%%he use of
a vi scoel ast i ¢omBrise an agegpt.AelachedsIReR EBRPPTroUPacRNSiEtiRge ML
Fourth, thiot$€ agentspandt npapiatithagenysnti on may be used to 35

prevent posterior or anjgrigy SyngchiagiBY K88BLAInE Eo claim 14
15 wherein the microcapsules are constructed of
polylactide.

16. The composition according to claim 14
where the microcapsules are constructed of co-
poly(lactideglycolide).

20 17. The composition according to claim 14
which further comprises a viscoelastic polymer.

18. A composition for use in ophthalmologic
surgery comprising soluble copolymer micelles
comprising an agent selected from the group consisting

25 of miotic agents and mydriatic agents, wherein the
micelles comprise a hydrophilic and a hydrophobic
portion, and the agent is absorbed into the hydrophobic
portion of the copolymer micelle.

19. The composition according to claim 18,

30 wherein the micelle comprises ethylene oxide-propylene
oxide-ethylene oxide block copolymer.

- 20. The composition according to claim 19,
" wherein the micelle further comprises phenylephrine.
_ 21. The composition according to claim 18,

35 which further comprises a viscoelastic polymer.
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- 16- wo stHdbé di l ated during the i mredi at e post - oper at | PETNUSIG/OSPISASE.
Mor eover ;- during conventional surgery, with | ossof the—charber—and

hypotony there is loss of iris 5 tone.ged function.
conposi'tions of the invention nmaintain the chanmb mm"ﬂ m 'jawt
nged

i ntraocul ar pressure, and are in contact with the iris=

pericod of tinme, areservoir effect is established so that chanber
mai nt enance, enhanced iris 10~ tone and response and drug delivery are
concurrently achieWEd Eumenhod.pQWMaintaﬁqingunheﬁstructurdksired,

the long ter ﬁftfe &feorf‘ Unle! C%nw:i.@ru@ha%xgro?%{ eye Crf% fgtory

potential of I"ast ar | ous p s are

cited herein, SMEGWYthﬂ@r smynﬁl&ommm s mﬁ;g% their

entire- gﬁﬁil size chQr&@ﬁ%%gﬁamlnisterlng the composition of
- PCT/ US96/ 0539 S CLAI'MED | S: 1. A
conp05|t|5n fS}a&§e1|n ophthalnologlc surgery conprising an acidic

vi scoel astic pol yner andsa A melth®dc ofy mali mtalieviingd theostiectura)
consi sting of f‘ngFgFrQh °%ﬁ§?‘ ﬁﬁ?%g%%r 'citam%e%g%rft %he eye during 2. The

conposition o
surgery while concurrently maintaining the desired

pupil size comprising administering the composition of
10 claim 7.

24. A method of maintaining the structural
integrity of the anterior chamber of the eye during
surgery while concurrently maintaining the desired
pupil size comprising admihistering the composition of

15 claim 14. _
25. A method of maintaining the structural
integrity of the anterior chamber of the eye during
surgery while concurrently maintaining the desired
pupil size comprising administering the composition of
20 claim 18.



vi scoel astic polyner is hyaIuroniE_aCLd:ahdithe agent S atropihe.
3. The conpeeiksder of claiml, whggeln-the L0 viscoel astic POTPRAOSALS .. .

hyal uroni ¢ acid and t he agent i s pilocarpine. 4. The
conposition of claim1, wherein the vi scoel astic polyner is hyaluronic
acid and the agent I s phenyl ephrine. 15 5. The conposition
of claim1, wherein the viscoelastid/ﬁblyngr I's hyaluronic acid and
t he agent i s i'gOpi | ocar pi ne. 6. The conposition of
claiml, wherein tha - vi scoel astic pol yner and the agent are conprised
in a 20 conpl ex, wherein the conplex is acetylcholine hyal ur onat e.
7. A conposition fdP use in ophthal nol ogi ¢ surgery conprising an
ani oni c viscoelastiEé pol ynmer and a cationic agent selected fromthe
group consi sting of&/25 m otic agents and nydriatic agents.
B. The conposition claim?7, wherein.the. vi scoel astic polyner is
sodi um hyal uronat e d the agent is atropine sulfate.
9. The conposition §? claim?7, wherein-the %g vi scoel astic polyner is
chondroitin sulfatégand t he agent is pihjcarpine hydr ochl ori de.
10. The conpositiorgsof claim7, wherein thez vi scoel astic polyner is
sodi um hyal uronate g@&nd t he agent i s phewgyl ephrine hydrochl ori de.
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11. The conposition of claim?7, wherein the vi scoel astic polyner is
sodi um hyal UN@96825and t he agent is acetylcholine chl ori ®&T/USI6RSI9S

12. The conposition of claim7, wherein the 5 viscoelastic polyner is
sodi um hyal uronate and the agent is pilocarpine hydrochl oride.

13. The conposition of claim7, wherein the .. vi scoel astic polyner is
sodi um hyal uronat'e and the agent is isopilocarpine hydrochloride. 10
14. A conposition for ‘'use in ophthalfrotogic surgery conprising

bi odegradabl e m crocapsul es which 2 /2conprise an agent selected fromthe
group consi sting of motic agents and nydriatic agents.

15. The conposition according to claim14 15 wherein the mcrocapsules are
constructed of pol yl acti de. 16. The conposgy ion
according to clgrmT= “wTeTr e ThE oCapsSUT e argto n- ed of- co-
pol y(lacti degl ycolide). 20 17. The conpogition T ordlng to-
claim 14 j ch further conpr|~es a viscoel astic pol yner

18. A conpositijon for use in ophtjjal nologic - surjgery copprising sol uble
copol ymer m celjl es conprising an agent selected fromthpe gr ougng
consisting 25 } of motic agents{and nydriatic agenfs, whergin the

m cell es conprifjse a hydrophilic apd a hydrophobic portiprg and

agent is absorbed into the hydrophobic portionfof the cp yne

m cel | e. 19. The fpnposition accordfng to clpim 18, L&D
wherein the mdelle conprises etfjjyl ene oxi de-propyl ene oxi de= et hyl ene
oxi de bl ock cogol yner. - 20. Thé conposition aecording to
claim19, erein the mcellf¢ further conpri ges phenyl gphrine.’

21. The conposijtion according t¢jclaim18, 35 ich furthey conprises a

vi scoel astic pdl ymer. 0 96/ 32951 : (S
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integrity of the anterior chanber of the eye during surger 'u.l;.lui
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(54) Title: CONTROLLED RELEASE OF MIOTIC AND MYDRIATIC DRUGS IN THE ANTERIOR CHAMBER

(57) Abstract

J The present invention relates to compositions which maintain the structural integrity of the anterior chamber of the eye during

ophthalmologic surgery, thereby protecnng the tissues that form and line the anterior segment from potential damage and simulitaneously
providing sustained delivery of a miotic or mydnanc agent. The present invention provxdes for composmons which compnse a viscoelastic
polymer, wherein sustained release of a miotic or mydriatic agent is mediated by ionic interactions, as well as for compositions wherein
sustained release of a miotic or mydriatic agent is mediated by microcapsules or copolymer micelles.




