05 DEC 2006 WO 03/103549 Ophthalmc Drug Delivery System BACKGROJMNE OF THE
I'NVENTION  Field of the Invention: The present invention reklat es i &kt hods
and systens for the delivery of ophthalmc drugs to the eye. Description of
t he Pri ovoAsM0358r ovi di ng and nai ntai ni ng adequate concentrati on of drugs in
the pre-corneal tear filmfor extended periods of tine is one of the mgjor
pr obl ens pl agui ng net hod syst.ens ., f.or ul ar drug delivery. Wen they
are applied as eye dropsépﬁﬁnlg?ln%?hﬁggb)@hé‘frrygfyét%orI y through the cornea.
Drainage of instilled drug with the tear fluid, and absorption through the
conjunctiva leads to a short duration of action. The additional pre-corneal
factors that contrib « : o ilability of many drugs
when instilled in the%ggﬁﬁghm%@%ﬂgﬁ% I\?rﬁyﬁer and drug binding to
tear fluid proteins. In addition to the above factors, the rate of corneal
uptake is high at early tinmes, but it declines rapidly. This may lead to a
transﬁ@d@ﬁé%ﬂlﬁﬁﬂmoverdose and associated risk of side effects followed by
an extended period of sub-therapeutic |evels before the adm nistration of
next dose.Thalgreseheinabmion thedsap snethaddiand s gstéthefareledddleract @btlagnicdr ug
delivery systemthat will be as convenient as a drop but wll serve as a
cont rlidad thedease vehicle [Nagarsenker, MS., Londhe, V.Y., Nadkarni, GD.,
"Preparation and eval uation of |iposomal fornulations of tropicamde for

ocul ar delivery ", Int. J. of Pharm, 1990, 190: 63-71]. Topical delivery
via eye drops that accounts for about 90% of all ophthalmc fornulations is
very inefficient and |n sone instances |eads to serious side effects

[ Bourlpespuption®fjthe Po@raprt: |~ 7ja H,, Sado, P.A, Needham T., Leverge, R,
"phthal mc drug delivery GLit ~ UB W 03/103549

ﬁj Providing and maintaining adequate concentration of drugs in the pre-comeal tear

film for extended periods of time is one of the major problems plaguing methods and systems
for ocular drug delivery. When they are applied as eye drops, most drugs penetrate poorly
through the cornea. Drainage of instilled drug with the tear fluid, and absorption through the
conjunctiva leads to a short duration of action. The additional pre-comeal factors that
contribute to the poor ocular bio-availability of many drugs when instilled in the eye as drops
are tear turnover and drug binding to tear fluid proteins. In addition to the above factors, the
rate of corneal uptake is high at early times, but it declines rapidly. This m\ay lead to a

(” transient period of overdose and associated risk of side effects followed by an extended
period of sub-therapeutic levels before the administration of next dose. All the above factors
indicate the need for an ocular drug delivery system that will be as convenient as ag_rop but
will serve as a controlled release vehicle [Nagarsenker, M.S., Londhe, VY Nadkarni, G.D.,
“Preparation and evaluation of liposomal formulations of tropicamide for ocular delivery”,
Int. J. of Pharm., 1990, 190: 63-71].

Topical delivery via eye drops that accounts for about 90% of all ophthalmic

formulations is very inefficient and in some instances leads to serious side effects [Bourlais,

- C.L., Acar, L., Zia H., Sado, P.A., Needham, T., Leverge, R., “Ophthalmic drug delivery



systens", Progress in retinal and eye research, 1998, 17, 1:33-58]. Only
about 5% of the drug applied as drops penetrate through the cornea and
reaches the ocuI ar tissue, while the rest is lost due to tear d{j§ @g_e i
[Lang, J.C., "Ccular drug delivery conventional ocular formnulatidn Adv
~Drug De'b%f?#(ﬁ%§95 16: 39-43]. The drug mxes with the fluid present in
the tear filmupon instillation and has a short residence tinme of about 2-5
mnutes in the film About 5% of the drug _gets absorbed and the remaining
f1 ows S¥HeEBEg R regEsippelina aad FYf’efeSfF%%l?erw%a&l 1cid-pel oty aheait P4l herml sac.
The drug containing tear fluid is carried fromthe Ilachrymal sac into the
nasol alcug apglied as iraps gendrente thugugheths cansoalyert attes eha eaddr tivgud, kehilelth®odst r eam
Thi s absorption | eads to drug wastage and nore inportantly, the presence of

cer t airdt G eiSdueNo ke iRt keamd: e%léiodﬂtl?%ﬁi}é?@b}%}eﬁhgﬁal@}f@?t s. For

exanpl e, beta-bl ockers such as Tinolol that is used in the treatment of

o cecrn R g R PRk DRUE TS o Rk e e RIFRGHE Bt bbiton of

opht hal 'nmi ¢ drugs as drqops results in a rapid varlatlon in drug delivery

rat es 1t gie tF"HéEﬂ%d’rPr?élén%tHE‘tnoP A pas %H@lTéF?lij‘?él&EWn%ﬁ 0 t%#’@%%édmn@t%y% fens [ Segal ,
M, "Patches, punps and tined release ", FDA Consuner magazi ne, Cctober
1991] filmhushout htrd the deugrgseschbsorbedend the pérmialng fdows thgowtshl theapyerszyléttlems t hat
increase the residence tine of the drug in the eye, thereby reducing

wast agevatdnaldullin@tth® thebiyienl 844, EMesdnd b&itginiaveatfRen idc AP abnohe at t enpt s
in the past to use contact |enses for opht hal m ¢ drug delivery; however,

al | Oiachﬂﬁﬁﬁ sgp WS BA ragolﬁammcg g}%ﬁhga tgﬁﬂéghb%ﬁlhlélté Iegcﬂlg% pawed by

|nsert|o nto e eye. I n one o e aut hors cused on
t.he e 0 utlons for one _hour followed by |ens
o or PRRgHFsat nibis Jsiier 0 Grirtipgec sl A RRpaIe: e RrsPre
roved penetratlon of anlnogly005|des and quorqu|noIones into the

aqueoa@“l% AW Ibthegdeqdsheampspdiiaiprdesirable tida effegnt Het exagpde deta-Bagkspean
Journal of dinical Pharmacol ogy, 1999, 55 (4): 317-323]. Five different
dr ugs swirag Ttnoth! &tht asgked tin Wagreatmoed lofi sedb-4iipdd ghhheommarbanet a ddleidriog affdceased by
the | enses are considerably |ower or of the 2 05 DEC 21?70%

on heart [TIMPQTIC® prescribing information, supplied by MERCK]. Furthemmore,

application of ophthalmic drugs as drops results in a rapid variation in drug delivery rates to

the cornea that limits the efficacy of therapeutic systems [Segal, M., “Patches, pumps and

timed release”, FDA Consumer magazine, October 1991]. Thus, there is a need for new

ophthalmic drug delivery systems that increase the residence time of the drug in the eye,

( thereby reducing wastage and eliminating side effects.

""" There have been a number of attempts in the past to use contact lenses for ophthalmic
drug delivery; however, all of these focused on soaking the lens in drug solution followed by
insertion into the eye. In one of the studies, the authors focused on soaking the lens in eye-
drop solutions for one hour followed by lens insertion in the eye [Hehl, E.M., Beck, R.,
Luthard K., Guthoff R., “Improved penetration of aminoglycosides and fluoroquinolones into
the aqueous humour of patients by means of Acuvue contact lenses”, European Journal of

Clinical Pharmacology, 1999, 55 (4): 317-323]. Five different drugs were studied and it was

concluded that the amount of drug released by the lenses are considerably lower or of the



WD 03/103549 sane order of magnitude as the drug rel eased by eye drops
because the maxi num drug concentration obtained in the |ens

limted to the equilibriumconcentration. In another study Fggég$k eﬁs
devel opgh gs/f3feact lens with a hollow cavity by bonding together - two
separate pleces of lens material [Nakada, K., Sugiyama, A, "Process for
produci ng controlled drug-rel ease contact Iens and controlled drug-rel ease
cont geme|ogds of egrisyde iridivadeleatodibyede Sraps dscauge getmasnoRydmes, May 29,
1998] . The conpound lens is soaked in the drug solution. The |ens inbibes

t he dpognsatioh bninaddh sk dmlsymatak éaBmsted to thpequilibsSemtdodtertratiohg eye. The
conpound lens suffers fromthe sane limtations as the drub soaked | ens

becaugsmbPeusPREENENA dQRIREd EQ@nﬂEM@né Ritk Q%oﬁéwcwn By Bbﬁdﬁg et hE
concentration of the drug'in the drops and thus suc }n ns“can supply the

cneors8 et Bl o PR Mo BN &t RISHIGL S, tafﬂacfséis'e”c Tuligi de

perneabilities that can cause an edenma in the corneal tissue. The other
st udicedrelied dagdrieasa qostastlens | g coutpled drgrielenee carctansitherebons because
they are al so based on soaking of contact |enses or simlar devices in
dr ugpsaiuced g Anited Skaeseithtdny: 6.088745, dvday P2,d 998 helteyoenjpduhd hans id sdked in
"Managenent of acute gl aucoma with Pil ocarpi ne-soaked hydrophi lic |ens”

Brit b cﬁﬁhtsb‘l@hoﬁ8Tlﬁell%3§1}mh‘ﬁbe§t71édﬁ?ogsohﬁﬂjﬁ%d@lovﬁg‘Qel@@s@§ @tupBdn inse ar
Penetration of Pilocarpine:" Ann.Ophthal nol . (1974) p_ 1325-1327,

Mont R . of t

nycr iy fret g ié@?kﬂ%“%n&ﬁ i %"f’é%‘ ﬂL@ﬁmﬂéé&%”a%S@%?ﬁ° S%%%Q%a

Hi Mast er s road "Pi.l acar p| ne deliver hy roph|I|c | ens

f %Ca“ﬁf'aWﬁQH‘?HffaB?n %th‘t’g g 15 HRO ALY §ama&ﬁf OIS ‘PRO? (B975) p.
9-84, GQanbattista,B.,Vino,M, Pecori-Graldi, Pellegri no N. and

bt oHagen the dipps sndyibbs ﬁ‘;ﬁhcﬁflenﬂ @@W@Pb’ﬁéﬁ@mgf@e@ hwewamu%@ﬂﬂmnt act Lenses:

Ocul ar Hypotensi on Wthout Systemc Effects” Ann. Ophthal nol 8 (1976) p.

819- B&ﬂheﬂmmtm;aﬁa’sehce ahghvoYepdakidhe&s of Rink acadril hads adsmaties bkgagdnamdby
contact |ens" Trans. Ophthal. Soc. U K 97, (1977) p_ 162-3, United States

gg}] 5|e%ﬂza§m éﬂo%&‘lp%m%ﬂ%&%ﬂé@ﬁ YaR¥Shemho ABLhSAUSQIRT PHSoMmEMi cat i on,
studies and patents listed below suffer from the same limitations because they are also based
on soaking of contact lenses or similar devices in drug-solutions followed by insertion into
the eye [Hillman,J.S., "Management of acute glaucoma With Pilocarpine-soaked hydrophilic
lens” Brit.J.Ophthal.58 (1974} p. 674-679, Ramer,R. and Gasset,A., "Ocular Penetration of
Pilocarpine:" Ann.Ophthalmol.6, (1974) p. 1325-1327, Montague,R. and Wakins,R.,

(‘ "Pilocarpine dispensation for the soft hydrophilic contact lens" Brit.J.Ophthal. 59, (1975) p.
455-458, Hillman,J.,Masters,J. and Broad,A."Pilocarpine delivery by hydrophilic lens in the
management of acute glaucoma” Trans. Ophthal.Soc.U.K. (1975) p. 79-84,
Giambattista,B.,Virno,M., Pecori-Giraldi,Pellegrino,N. and Motolese,E. "Possibility of
Isoproterenol Therapy with Soft Contact Lenses: Ocular Hypotension Without Systemic
Effects" Ann.Ophthaimol 8 (1976) p. 819-829, Marmion,V.J. and Yardakul,S. "Pilocarpine

administration by contact lens" Trans.Ophthal.Soc.U.K.97, (1977) p. 162-3, United States

Patent 6,410,045, Drug delivery system for antiglaucomatous medication, Schultz; Clyde



" researchers

DEC 91flls WD 031103549 Lewis, Mnt; Janet M United States Patent
4,484,922, CQccul ar device, Rosenwald; Peter L., United Stat gsa P%[te%mf:at ent
5,723,13 1, Contact |ens containing a | eachabl e absorbed mat é&r i%,«fgﬁ ultz;
Cl yde L\VN%Qﬁﬁg“Jvan M: Silor; David L.; Neil; Mchele L.1. A nunber of

ave trapped proteins, cells and drugs in hydrogel matrices by

pol yneri zi t he ] at conpy | hydrqgel , jn presence of the
bncapcaidy Bint Bl PETTIR LBt pEML Ao pd] il Bt oo R i PG ey .
Ragan,: P., Langer, R, "Photoencapsul ation of chondrocytes in poly(ethylene
oxi de}'nad Siates diant Paeat hétbi? hGangCt kas GoRREINE 3 @a@lr?éz{e Yisomied meaierea)
Mat eri al s Research, 2000, 51 (2): 164-171; Ward, J.H , Peppas, NA ,
" Pr epaclatlizoQlyde Lc dhinenl IvadM. ebibas Pasigdt. eNsilpylidhee-d.adi cal UV
Pol ynmeri zations in the presence of a drug”, Journal of Controlled Rel ease,
2001, 71 (2): 183- 192; Scott, ‘R A, Peppas, N A, "H ghly crosslinked,

PEG cont ai Ridugnte0pPtekimREiferd Rive pappb@pRdng @t ndlhioy 81 NydroBil iRt &kl al s,
1999, 20 (15): 1371-1380; Podual, K., Doyle FT, Peppas N A, "Preparation

and dynamic r-esp i onj opal j.nj ucose
oxi dog i efieRR M Def b 4 o for RO R ATRp i GRS Re o A bl
Peppas, N A, " eryatio f swelling process an jffusion front position
dur i egﬁéﬁﬂﬁﬁﬁggﬁnhmaﬂFﬁﬁf&’d%VFﬂhétﬁymﬂb hﬁﬁﬁ@% S J> Xrat ri ces

contai ning a soluble drug”, Journal of Controlled Release, 1999, 61 (1,2):
83- 91 Phonerscauiniring of Peqsascyidy. IApolyl ek lanporite iofasdd s¢roiminteabéretigtings and
proteins in crosslinked poly(acrylic acid) nmad pol y(acrylic acid-co-2-

hydr ozarebtiyt, JomebhefBiphrtizhl MaydiabdedssarcR; 2000t fusl)oncandl rwheaJeist udi es”,
Jizrnal of Controlled Release, 1997, 48 (1): 47-56; US patent 4,668, 506].

Si{ncepdigs SQIAUDHB e b¥ra@bn bPBonINBHIPRER GsBHMDS fies-aHED braher in oil, a
signi ficantly hi gher drug [oading can bé achi eved by entrapping the drug in

P hes @UHARDEPAThL BSon B AP ARSI ERer AR MESEIUEL oty 71 dopRes! N9

i n M, Zh Z rsellj, F. ri, L., "Pol i nyl al cohol
L%?é&gﬁ g(g[g R?A., Peppas, IL\inA., "Hig%?y csr%sslz'nked, PECLr'—aégrzzz%ir;i;’zg cop’olyme?s%cgiy i nylal cohol )

sustained solute delivery”, Biomaterials, 1999, 20 (15): 1371-1380; Podual, K., Doyle E.J.,
Peppas N.A., “Preparation and dynamiic response of caﬁonic copolymer hydrogels |
containing glucose oxidase”, Polymer, 2000, 41 (11): 3975-3983; Colombo, P., Bettini, R.,
Peppas, N.A., “Observation of swelling process and diffusion front position during swelling
in kydroxypropyl methyl cellulose (HPMC) matrices containing a soluble drug”, Journal of
( Tontrolled Release, 1999, 61 (1,2): 83-91; Ende, M.T.A., Peppas, N.A., “Transport of
) ionizable drugs and proteins in crosslinked poly(acrylic acid) and poly(acrylic acid-co-2-
hydroxyethyl methacrylate) hydrogels. 2. Diffusion and release studies”, Journal of :
Controlled Release, 1997, 48 (1): 47-56; US patent 4,668,506]. Since the solubility of the
hydrophobic drugs is much higher in oil, a significantly higher drug loading can be achieved
by entrapping the drug in oil filled nanoparticles or nanocapsules, and subsequently,
dispersing these particles in a hydrogel matrix. Recently, Graziacascone et al

[Graziacascone, M., Zhu, Z., Borselli, F., Lazzeri, L., “Poly(vinyl alcohol) hydrogels as

hydrophilic matrices for the release of lipophilic drugs loaded in PLGA nanoparticles”,



hydrophilic matrices for the release of lipophilic drugs |oaded in PLGA
nanoparticles", 4 05 "SEC ~r(y WO 03/103549 Journal of Materi gn - EMeg:
Materials in Medicine, 2002, 13: 29-32] published a study on ‘éa‘p“sul ating
| i pophi | i WOdBUEF49 nsi de nanoparticles, and entrapping the particles in
hydrogel s. They used PVA hydrogel s as hydrophilic matrices for the rel ease

gfe | 'e;%gﬁgyr; ok %a@édfb@%é QReeateliBls bk Bt dahd 120851 3- 159%@@%&?93&@? off" ug

roges with rates fromthe partlcl ound” conpar abl e
results st ud in literat ocuses on
| noor FErRLT wﬁwaaﬁl? i TG R, s ebgar Bemribenanineear ug
delivery. SUWARY COF THE | N\/EI\FI'I ON One enbodi nent of the invention reI at es

to a Hhaygisee PV\fehxﬂ@%% anesrinicmagicss fordhe rdease ehbpophiliadugs lopdads

therein as nanoparticles having a particle size |l ess than about 50 nn}loonm
(t he hiFHGA pgrticse Tep evmpared thehbug efleane fiomehydrdgels withirites framtthel es), an
ophthal m ¢ drag nanoencapsul ated in a material from which the ophthal mc

dr ug gastiepatd Pud celhpdratse erults. THOyaRE thgiaké aid) ivAMeR ih ReraoriBgst | ens
and into the post-lens tear filmwhen the contact” lens is placed on the eye

A se of Nl gL.en n
o AP S TRaR Rpl BN O 5 BT OR Pl RATLAL ST
t her eof the above descrl bed drug delivery system Third and fourth
enbodi nents of the invention concern a kit and its use for the storage and

delivery of ophthalmc drugs to the eye, the kit conprising: a) a first
conponent contai ni ng at S@MEMMNMSCH bed drug delivery
systens, and b) a second conponent containing at |east one storage container
f oy the fiOmtembmlipenerfthe nhentdinoekys tcaningd ddiveaddistenoeahprisigont ai ni ng a
ma{ erial that substantially prevents the diffusion and mgration of the
opht kahiakClefld btk RescailtREB/iGas nanoparticles having a particle size less than about 50

the eye

nm-100nm (the limiting size depends on the refractive index of the particles), an ophthalmic
drug nanoencapsulated in a material from which the ophthalmic diug is capable of diffusion
into and migration through the contact lens and into the post-lens tear film when the contact
lens is placed on the eye.
A second embodiment of the invention is a method of administering an ophthalmic drug to a
patient in need thereof comprising placing on the eye thereof the above described drug
rdelivery system.
' ( Third and fourth embodiments of the invention concern a kit and its use for the

storage and delivery of ophthalmic drugs to the eye, the kit comprising:

a) a first component containing at least one of the above described drug Selivery
systems, and

b) a second component containing at least one storage container for the first
component, the storage container additionally containing a material that substantially

prevents the diffusion and migration of the ophthalmic drug during storage.



WD 03/ 103549 A fifth enbodi rent of the invention relates to a nmethod of

preparing the drug delivery systemof claim1l conprising: %:@rgwpdmﬁ@ t he
nanoencapsul ated ophthal mc drug, and d) preparing the conta 1 ens rom
material s that incorporate the nanoencapsul ated ophthalmc drug, such that
- the nand®¥RO¥p¥af%t ed ophthalmic drug is substantially uniform y di sper sed
thr oughout A Bt ERB-AGhert BB inlchlifn AfitleS RYCRERR pfégsmt 8 Baldyent | on
concern articles of nmanufacture conprising pac erla e above
descrj g \%‘? l:‘?hallm c dru deI ivery system or the above-descri bed Kit
cont af’yr'? R R léf ging material, wherein the packaging material
conpri ses a | abel whi ch i ndi cat es t hat the ophthal mic drug delivery system
and kit c&h bePiRadingéhe pararncgpailatad OBy hpIBeEIEs st at ed wi th pat hol ogi ¢
conditions of the eye. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a
schemati c d) ew pfeprhieg tievwehntapalehs fbm hatdads ke sncofpordie thenvent i on inserted in
the eye. Figs. 2-5 are particle size distributions for various

M Cr ogfRekatHRSlatedFiphithamicrk ¢, 30&Mhbi @B G8nAL ARSI oflHaAHR ddiogel s. Figs.
7-13 are conpari sons of release rates of a drug from vari ous hydrogels.

Fi I | adenhydrogel s. DETAILED

g %%%&FI&SW@%@%WW%?@% ?Cr{géerﬁtgl on is %red?cat ed on the
d| scovery nt ac ﬁ%ﬂ% , gﬁéerabl soft cq tac%ql er} es can function
as new veh %n Ve %‘tﬁn HIHPIIGe eienUet (PRE T BUUEECPAY 12¢HES | el i mi nat e
system c side effects, and inprove drug efficacy. The crux of the invention
resi despTisinhpackagiagauitendl 6nd e abhee deshribed ephthalmirytis deliveay spviemion
nanoparticles and the 6 ~w WD 03/103539

the above-described kit contained within the packaging material, wherein the packaging

material comprises a label which indicates that the ophthalmic drug delivery system and kit

can be used for ameliorating symptoms associated with pathologic conditions of the eye.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic view of the novel particle laden lens of the invention inserted in
the eye.
Figs. 2-5 are particle size distributions for various microemulsions.
Fig. 6 is transmittance values of various hydrogels.
( Figs. 7-13 are comparisons of release rates of a drug from various hydrogels.

Figs. 14-21 are SEM photographs of various drug-laden hydrogels.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is predicated on the discovery that contact lenses, preferably,
soft contact lenses can function as new vehicles for ophthalmic drug delivery to reduce drug
loss, eliminate systemic side effects, and improve drug efficacy. The crux of the invention

resides in the encapsulation of the ophthalmic drug formulations in nanoparticles and the



di spersion of these drub |aden nanoparticles in the contact pé np.];.u )gx

(Figure 1)- If the nanoparticle size and |oading are suff|C|e Byt Fow “the

particle-| oaded I ens is transparent. The invention is exenplified herein
usi ng so}f,v | enses that are made of poly 2- hydroxyet hyl

"~ nethacrylate ? EMA) . However, it will be understood by those skilled in

the aidispehdidn bf@ei@&ﬂﬁe—lﬁenﬁﬁh@’aﬂﬂﬂé’s it fiigd comeact kas emplioyEduay ) vehhel es in the
present inventionis Ilimted only by the selection of mat erial s that may be

enpl OY&‘{{O#’%{}U&Q% z@%ﬂ&ﬁ&gﬁ% eg\ﬁfggféﬂﬁff‘fotw tﬂl@ﬁaﬁgéle%ghefdfl&sqlﬁwa‘ﬁ%a%fnt”j‘ﬁ

parti cul opht almc e | ncorpora therein pt| cally

t ranspar ent i.S i orefer to ree of transparenc
equi vgll‘ﬂlﬁgﬁuof’és ?ﬁ?ﬁpﬁ%?ggleﬁﬁwlg? glﬁ@?og eé"rs?s 413%%@88?8815'2 cont act Pens Y
The p- HEMA hydrogel matrix be synthesized by any conveni ent mnethod,
e.g., BUreyshysee P%at@ Pé@EMéHﬂé@l"e‘ﬁbIWWé? be rrdessioed bytore sisHehir s in

presence of a cross linker such as ethylene glycol-di-nethacrylate (EGDVA)
[ Mandehé¢ art BaBthe raGendfanitetidn thaPmag be empldsad ds acldclel axihblpeesk@risesition2nd ed. |
Charles C. Thomas, Springfield, vol. 3, 1974]. Addition of drug-laden

parti ghffed A} BﬁtMel@&'ﬁ&h &f PdtchRe {29 Bl chufplbyrdtiend REARRIER ofFbnBict
particle-dispersion in the hydrogel matrix. 'If contact | enses made of this

mat er '1@rlse§£rﬁi thP B?t%?éj?ﬂﬂe bR, cﬁ%%pk}tﬁ%gnﬁcr 8o g E% Eﬁ%go !EtQ heP e P! IFﬁﬁl‘ fns

travel's throug Lriox enters ens

(PO_TF) e., the thint % fllmt%&%ped n be weenflhe cornea and the
| ens. PB "Ealug tfﬁ’r]g?é‘?ﬂfea%?s Tqipigdnte O FYFEOA CEISH ¢ UPHSRACIEYuch | onger
residence tine in the post-lens tear film conpared to about 2-5 minutes in .
t he cagpivelenttophatif paﬁiﬁﬁ%alt other ragfedtl oplPRa s [agiogtacdens. ThagadEMA | Zia H.,
Sado, P. A, Needham T., Leverge, R, "Ophthalmc drug delivery Systens",
Progr ésdrogal matixnady ba’l@nﬁweizeébﬁaﬂi}cmnv&ﬁﬁﬁt,méiﬁod,ﬁle‘.g.?:ﬁilﬁ&r soli@efibe J. L. .
Chauhan, A., Radke, C. J., "Dispersive mxing in the posterior tear film

Wi der rgdica 951y1:rfé91125@&§ of HEMA mofEifeiRes gRkE e 028Q1oss ‘ﬂi%ke&@éé 28886l d Namar a,
N. A, Polse, ' KA, Brand, RD., Gaham AD Cha ..,M:Kenney,CD

) Tear ﬁﬁ]‘% &ggg@g&%ﬁ? %t&ﬁ%@@%heﬂrhgﬁ? (;‘n i gﬁ(%ﬁcﬁi acﬁpes b‘yn?%& er’. Am J.

Flexible Lenses”, ond ed., Charles C. Thomas, Springfield, vol. 3, 1974].

Addition of drug-laden particles to the polymerizing medium results in the formation
of a particle-dispersion in the hydrogel matrix. If contact lenses made of this material are
placed on the eye, the drug diffuses from the particles, travels through the lens matrix, and
enters the post-lens tear film (POLTF), i.e., the thin tear film trapped in between the cornea

(V and the lens. In the presence of the lens, drug molecules will have a much longer residence
time in the post-lens tear film, compared to about 2-5 minutes in the case of topical
application as drops [Bourlais, C.L., Acar, L., Zia H., Sado, P.A., Needham, T., Lev;rge, R.,
“Ophthalmic drug delivery systems”, Progress in retinal and eye research, 1998, 17, 1: 33-58;
Creech, J.L., Chauhan, A., Radke, C.J., “Dispersive mixing in the posterior tear film under a
soft contact le:;s”, I&EC Research, 2001, 40: 3015-3026; McNamara, N.A_, Polse, K.A.,
Brand, R.D., Graham, A.D., Chan, J.S., McKenney, C.D., “Tear mixing under a soft contact

lens: Effects of lens diameter”. Am. J. of Ophth., 1999, 127(6): 659-65]. The longer



WD 03/ 103519 residence tinme results in higher drug flux through the cornea
and reduces the drug inflowinto the nasolacrinmal sac, thus p{eventd igsrug

Ly A

absorption into the blood stream In addition, due to the slow diffusion of
_the drug welsgsssses through the particles and the lens matrix, drug- |aden
contact |enses can provide continuous drug rel ease for extended periods of

time. L&sli f g gta Ll | r ' 14 -1n-water
(0w S B BN by PAAAERGRRGKLEh B o aRATNEL L U ik bl 1id
i sotrqpi c dj spersions of nano-size drops in r stabilized. b

surt adiealeREaETe: G are PR Farcoain SR Eogin e B8 dect e for
encapsul ati ng a hydrophobic drug due to its ability to dissolve the drug in
t he oif thetstoye difpsrinagfdbiadrug mplecudysdbroual dheeparicles aglihe fensimator, dagosi ze
silicain anonionic water-in-oil inicroemulsion: effects of the

wat er lgign tagtharitnsgp kan proaidecoatichoasdnry @leasoficentenddd gotiods ddumeal of Col | oi d
& Interface Science 1999, 211: 210-2201. It is also preferred to enpl oy

rni cr oenul §tii@@r&é@&ﬁtoaxﬁngéﬂégpsru@a‘%@fh‘éqjﬂhﬁla%fcadiﬁ@_iﬁ)Bil—Elﬂ%‘vaféfr%}Wﬁ| ity in
stabilizing the particles and controlling the Kinetics of drug rel ease from

the particles.h ni_pulatin he rface.characteristics of the nano-sized
oi | d%%g? S%On?é'ns gﬁoggx}ul% e c%%liegng(&s%fnggilﬁlg'g%%lﬁ%ISBQ?W gfsggspgsﬁ event
aggregation and sl ow down_the drug rel ease fromthe drops by depositing a
thin BEas dropy 8 water sfapiliged Bnsuwrhstants: facl-watqndQRAY emicrgeaulsion iy ant i | i ze
other types of nanoparticles for encapsul ating drugs such as | Chitosan
nanopefftdtive eshic€Spr 2nddpaulatii@er hydrdphobng drugalwe parts riziligsto3liBplyd¢lgr didigbl e pol y
(al kyl cynoacryl ates), e.g., polybutylcyanoacrylate, polyhexylcyanoacryl ate,
po}y etk e phaaciAttiatflal PECOkseo-AR@é YIS 0Dwilydsesyarnanssiz sd® ina nonionic

pal ycyanoacryl ate (PCA), and the like. 4 Silica nanospheres 5 PEG yl ated
core- ﬁfg%‘Jilz.-%ﬂqu’@%e%jtﬁiigﬁ’ %ey?p@ez%; Jv%éé.gnfactant molar ratio and ammonia
concentration”, Journal of Colloid & Interface Science 1999, 211: 210-220]. Itis also
preferred to employ microemulsion drops as drug reservoirs because of the flexibility in
stabilizing the particles and controlling the kinetics of drug release from the particles by
manipulating the surface characteristics of the nano-sized oil drops. For instance, one could
stabilize the particles to prevent aggregation and slow down the drug release from the drops

by depositing a thin partial-layer of silica on the surface. . However, one could utilize other

types of nanoparticles for encapsulating drugs such as

1 Chitosan nanoparticles (CS)
2 Human Serum Albumin nanoparticles
3 Biodegradable poly (alkylcynoacrylates), e.g., polybutylcyanoacrylate,
polyhexylcyanoacrylate, polyethylcyanoacrylate (PECA),
( polyisobutylcyanoacrylate ), polycyanoacrylate (PCA), and the like.
4 Silica nanospheres

5 PEG’ylated core-shell nanoparticles



6 Bi odegradabl e PLGA (poly(D, L-1actide-co-glycolide)) particles PLA (polu
lactic acid), PGA PLG (poly(D, L- glycolide)) polyneric nanopﬁﬁkig,ﬁh@%ﬁﬁs

M croerul si on nauodropl ets 8 Liposones 9 Bioconpatible gliadi ¥ i “*F
_hanopar tigl, §ﬂﬁg4;om1pklsensitive PEG stabilized plasm d-1ipid nanoparticles
11 Bi odegradabl e cal ci um phosphate NP (CAP) 12 Legum n (a storage protein

found gn , rQk.:deri I Ld 4 -Sized emul sion
parti cf et ey A PR Er A S BROER, b ks RERIPRENGE £

copol yner 5 PLA- an ticles.16 Nanoparticles conposed of
hydrophi??%&ﬁﬁégéWHgggghgwggﬁg#%MﬁﬁﬁﬁﬁﬁP%ﬁ@?ﬁ@gﬁn E 17 Bi odegradabl e
poly(.vegaiIn-caprolactone) nanoparticles 18 pol y(nethylidenenal onate) 19
gel ati'h Mbicpsiyigoe aprodrepdetone) 21 sodi um al gi nate 22 a.-arose hydrogel NP
23 PMVA NP 24 biotinylated pol y(ethyl ene glycol) conjugated with | actobionic

aci d (BEL}posdmesar boxyl net hyl dextran nmagnetic NP (CVD MNPs) 26 pol y(vinyl
al cohol ) hydrogel NP 27 biotinylated pullulan acetate (BPA) 28 di bl ock

copol YWreRsodnRudR 4d3ddnbpariiéet further be understood by those skilled in
the art that the term "encapsul ation", ‘

10 Low pH sensitive PEG stabilized plasmid-lipid nanoparticles
11 Biodegradable calcium phosphate NP (CAP)
12 Legumin (a storage protein found in pea seeds)
( 13 Tocopherol derivatives stabilized nano-sized emulsion particles
14 Polysaccherides grafted with Polyesthers (amphyphilic copolymers)
15 PLA-PEG nanoparticles
16 Nanoparticles composed of hydrophilic proteins coupled with a polipoprotein E
17 Biodegradable poly(.vepsiln-caprolactone) nanoparticles
18 poly(methylidene malonate)
19 gelatin
20 poly(E-caprolactone)
21 sodium alginate
('- 22 agarose hydrogel NP
23 PMMA NP
24 Dbiotinylated poly(ethylene glycol) conjugated with lactobionic acid (BEL)
25 carboxylmethyl dextran magnetic NP (CMD MNPs)
26 poly(vinyl alcohol) hydrogel NP
27 biotinylated pullulan acetate (BPA)

28 diblock copolymers



~as used herein ref ers to the conplete enclosure of the ophthal mc drug by
the "encapsul ation” material as well as deposition of the ophthalg 5;,;cnﬂ;su'g£ 8
on the encapsul ation naterial particles. Furthernore, the particl%s ¢an b be"
.replaced by ,nanadomai ns of polymers that can solubilize the drugs. The
nanodonai ns courd be formed either by di spersing the insoluble polyner in
the hydrogel nmatrix or by incorporating the insoluble polyner in the

hydr ogel g@ﬁéﬁlﬂs‘urﬂlﬂzﬂbe uagderpiePa by theseskidlerl m thsrarphppthe terim cencgpyudated”™i n

p- HEMA, this section will fold in a water- like environment to form
nanopantsed hasirt feéirs cathe sahpletd dredsomr & thy dplapilotic drudriyghe “@lcapsitldteonf” t ype of
particles that can be utilized depends on the drug that needs to be

| nconpREALad vdll AdWpotifbs of e LpRAAMRIRIrT 65 ARMBALSISANEh ARRerd] gal‘?féiesusef ul
for trapping hydr ophilic dr ugs; Liposones are appr opriate.

appli Lon. 0 I L h e | es bel ow.
Thesé:‘El gttrhe %11‘6 e eéjélktfccl)es Cal% &g Cf(arg%ype gom% 8f§cﬁ§ 5?‘9 C%ﬁ Sﬂfgﬁl&grml si ons.
Type m croemnul si ons consi st of droplets of canola_oil di spersed in 2%
NaCl t%@%ﬁoﬁhgpalmqom pyldhgferard sther by dlisprssng thgdnseiiapelsmesin Type 2

m croenul sions enploy the sane materials as Type 1. In addition,

oct adlm:lyj/drbgél-nmrih@xbyQidomwatir(g@ﬁwﬁ)sohlbdb pollyoeeintitt hgddogeli aainar Eoused in the
formul ation of Type 2 m croemul sion- Type 3 microemnmul sions are QW

M cr eeaMp R 08 Se@fonHPradpieaienddiporetien pSTBRIA, itgie deddnB¥illl foRifin@Urftact ant .
Distilled water is used as the conti nuous phase Type 4 m croemnul sions

Conp;i s %n%émﬂ%rﬁﬂ%ﬁ@‘gi ﬁbéx%ﬁu t ef%ggrkﬁ oA s@h}h‘h‘ié Ny 8@%%5‘ efklsoéfle s

synt hesi ze and teri

oenul si on hes ro edure for theT elmcroe | Si onls as
c(:' il R A iR Sitlig B gl Sontkiiehe LEpRrar
conti nuous heating and stirri ng to forma 40% w w sol ution- Separately

pr epdans. Fopexpropleaniswenuistm dpraisaloaussiinl fanapring Hydropbikcidmgs; 1.5.1.0 w w
ratio. Mx the two solutions, and heat and stir the resulting m|ky solution
at  ajprsoniesaiecdpprdfidecGoutitis hp;ilicabm:orres cl ear, indicating mcroenulsion
formation- Type I 10 WD 031103,549 m croenul sions are light yellowin

col or; howR¥ekinds bf kfcrbéANSRAL QRte WRBM fHeLSRINPIRMERA. athese are referred to

as Type 1, Type 2, Type 3 and Type 4 microemulsions. Type 1 microemulsions consist of
droplets of canola oil dispersed in 2% NaCl solution stabilized by Panodan SDK and Tween
80 surfactants. Type 2 microemulsions employ the same materials as Type 1. In addition,
octadecyl-tr-methoxy silane (OTMS) and dilute HCL solution are used in the formulation of
Type 2 microemulsion. Type 3 microemulsions are O/W microemulsions of Hexadecane in
" Water stabilized by Brij 97 surfactant. Distilled water is used as the continuous phase. Type
4 microemulsions comprise oil drops with an annulus of silica dispersed in water. It is
synthesized with OTMS, dilute HCI and the materials used in Type 3 mic'roemulsioris.
The synthesis procedure for the Type 1 microemulsion is as follows: dissolve 4 g of
Tween 80 in 10 g of 2% NaCl solution with continuous heating and stirring to form a 40%
w/w solution. Separately, prepare 2.5 g of a solution of Canola oil and Panodan SDK in a

1.5:1.0 w/w ratio. Mix the two solutions, and heat and stir the resulting milky solution at

approximately 100 °C until it becomes clear, indicating microemulsion formation. Type 1

10



and can be used in contact |ens applications- After 3 days of shelf storage,
the mcroemulsion starts to slowy loose its transparency and [egones HE1G
m | ky solution due to particle aggloneration. Type 2 mcroenul slons ~
conpri sa,oo(f%l(aH%gdr ops with an annulus of silica dispersed in water.

s or U

Synt hesi I's mcroenulsion is performed by adding 40 ng of OTMS to 12

of Tﬁge I g\'xturg. nd ff' | ow rig .tlhe m craenul sion to f?réﬂ at the sane
condMFTGHEWEEE AT KT B G EEi MO eTeip & 14 TargpAcat WhRRASIIEI R RTeRAAY phi | i ¢
mol ecule, it is expected to accunulate at the drop surface during

enul 3hd ¢angtei uspd in/gOnERsh feng SPpeations raviéand drvenf shelf someel thamécrderddlsign of | N
HCl solution for each gram of mcroenul sion. Addition of HCO results in

* hydr sthysicssiofly 1688 s ftodnk pavest yoyn daandess a il sohutioheius ts pageeof the oil
drops. Hydrolysis reaction is perfornmed in the same conditions as the

m cr gemtheiRf formation in a water bath for 6 hours. Hydrolysis and
condensation of OTMS |l eads to formation of silica shell surrounding the oil

drop. Th | ¢ lution is. t d h 1ight ye|l owish
coror. 1t TVE SplgfdngRish <Clets LOTARR b enREedsdpaiihete i nes 2o

Type 3 m croemul sions, dissolve approxinmately 0.12 g of hexadecane in 10 g
wat eVaghaSytlesis. of tys sricmepulagn ispestosmrd by adding 4fing of @TMSeat! 2tdef ni xture of
oil, water = and surfactants at 60 C and simultaneously stir at 1000 rpm
unt i Typgehemsohetand nllbeognbs mbwamulsidihe famuntheabmbexadiecans thsedni n t he

m croemul sion is half of the maxi num anmount that can be dissol ved w t hout

dest @binhiaZbN TypdE ITh&d OFMIE &I AmPHBhiIRTHOEENS, i BEMRH & LPurhSIaR at
colorless, transparent solution with an average particle size of 10 nm It

f&i‘hgﬁff’}t et Bl iRl R AP ST Pufr Gy e 1= o e
and SIRGHCE AR i P end sRERo B rermyEen: fedtame: BhareoRuaiisost i n -
formul ation Type 3. OTM5S is expected to accunul ate at the drop surface during
11 OINEy foigwadbependensitioatqnohe gurfage ofyieoid drepsr Sydudlydioresctioksissoon as t he
m croenul sion is formed, add
performed in the same conditions as the microemulsion formation in a water bath for 6 hours.
Hydrolysis and condensation of OTMS leads to formation of silica shell surrounding the oil
drop. The resulting solution is transparent and has a slight yellowish color. It is stable after
about 2 weeks of shelf storage.
To synthesize Type 3 microemulsions, dissolve approximately 0.12 g of hexadecane
~ in 10 g water and add 1.5 g of Brij 97 to stabilize the mixture. Heat the mixture of oil, water
(, ‘and surfactants at 60 °C and simultaneously stir at 1000 rpm until the solution becomes clear.
The amount of hexadecane used in the microemulsion is half of the maximum amount that
can be dissolved without destabilizing the microemulsion. The resulting microemuls;on is a
colorless, transparent solution with an average particle size of 10 nm. It remains stable after
2 weeks of shelf storage. This microemulsion is célled Type 2 in the following discussion.
Synthesis procedure for Type 4 microemulsion is as follows: add 40 mg of OTMS to

12 g of Type 3 mixture and allow the microemulsion to form at the same conditions as those

in formulation Type 3. OTMS 1s expected to accumulate at the drop surface during

11



v g1 7-g-of I'NHC “sol'ution for each gram of microenul sion. Hydrolysis
reaction is perforned at the sanme conditions as the m croenul si, ra fer-matifon
i-n a water bath for 6 hours. Hydrolysis and condensation of OT 1 éads to
formation of a silica core surrounding the oil drop. The resulting solution
IS tranﬁ&%ﬁaggnd colorless with a nean particle size of about 15 nu.

P- HENVA are synthesized by free radical solution polynerization of

HEMA e iRS@RBon J;qnﬁgip %ﬂ&@ensmgoﬂms%sh as Qiegﬁisa u‘igom BfmdCMA in 10 g

of HEMA and mx t resulting solution with water in a2 3W/W

ol utibhe %ﬁ?Né%% LD Pt P B L T Pulb b eor HaBatly of

to 25 g\of the pol ynerization m xture and pour it between two glass plates
coverd&eipmeg Cloﬁﬁﬁlolné%Fhedi‘HCS‘?eWiﬂéﬁﬁ’éf%maU@F Ihi gater bathdopp &OWAt sti cki ng of

the gel with the glass. The two glass plates are separated from each ot her
Wi t h Fydiolysis iedl condensiiiongof OPulSylewdsi ta &biinmation ©f peilfcarcortsunnuadingiterniat 60 C
for 24 hr. The hydrogel filmis subsequently soaked in water. In order to

synt hiesp.2end i@@uﬁhg Roh@dH dirisgERECAnd WRIRs WwithtahBedrOf b8t 0Bf a%% i bed

above i's sinply replaced by an aqueous sol ution containing drug-| oaded
partlgnes Drug rel ease studies fromthe hydrogels | oaded with m croenul sion
drops containing a drug called Lidocaine were conducted. An oil soluble

f or m of leocalnzlmas bta ned by reacting the water-soluble formwth

NaOH. W di-SEMASVEtes I ntoryhesidrd b ires SrdibRls ofusiom PosmeizgdenpiidEMA wat er i n

smal | test tubes and m x the two solutions. NaOH reacts with the HO end of
t he DiaoowrEo polyastlze theflodneged, disselveid0 mpblBGONIArim1ag oftHEM Aswidi d
particles ascended in tyre water phase- The oil soluble formwas extracted

f r omptiRehsverkRting ¥oladdh Rdth disadewiter ihRe:3 ol/wtrh@n . Debag trddiulimsohftidiexane
ads to a two-phase m xture. The upper, drug containing, hexane phase is

i e D e s A

expe C{g&i‘g ? m&stoo)% grf)((j) 2 rltzgllt(i”‘ondlrn'iJ urleoaagep%urh %%E:t%geen two gf%ss
plates covered by a thin layer of silicone oil or plastic to prevent sticking of the gel with the
glass. The two glass plates are separated from each other with a | mm Teflon tubing.
Polymerization is performed in an oven at 60 °C for 24 hr. The hydrogel film is subsequently
soaked in water. In order to synthesize the drug-loaded hydrogel, water in the formulation
described above is simply replaced by an aqueous solution containing drug-loaded particles.

Drug release studies from the hydrogels loaded with microemulsion drops containing
(1 a drug called Lidocaine were conducted. An oil soluble form of Lidocaine was obtained by

reacting the water-soluble form with NaOH. We dissolve both NaOH and water-soluble form
of Lidocaine in water in small test tubes and mix the two solutions. NaOH reacts w1th the
HC] end of the Lidocaine molecule, forming the oil soluble form as white solid particles
ascended in the water phase. The oil soluble form was extracted from the water by adding
hexane in the solution. The addition of hexane leads to a two-phase mixture. The upper, drug

containing, hexane phase is removed with a pipette and heated to evaporate the hexane

leaving a white, solid residue of oil soluble Lidocaine.
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~-wel |l -stirred beaker containing a known volune of water. Aliquots of water

are wthdrawn at various tines and concentration of the drug %s?nr%a,su{,,e@
.Hydrogel s that contain microenulsion particles but do not containifany-“dr ug

were al so prepared and designated as blanks. The sanme neasurenents of these
bl anks were taken as the ones with drug particles and .used as references to
cal cul YW rount  of drug rel ease. UV-Vis spectroscopy was enployed to

deter m nerf g diga LARLERMEATLANWAE P PRt Pud dTRed TanbELidh ¢ absor bance

val ues obtained@ fromihe spectroneter to the drug concentrafion, calibration
curves, for e ol soluble formof |idaocaine in ter were prepared. Drug
ol oSEL ik Pt g A BRBT OB SS90 Al A HHTS Per cent age
of the drug released into the water was cal culated using the calibration
cur vsioupfigies andifwicengatiper o tehdinact megspeed. Byydragghstthateantasr i ng ( Br ookhaven
Instrunents, Zeta Plus particle size analyzer) to determne the particle

Si zemicAbdmugioppasicwsbat 86 htteoedindrdyhirag were24iso sicphRgeant dbdigsatteior e si zi ng.
The transparency of hydrogels were determ ned by light transmttance studies

( ThenmosPeRd LA HefBRGaMRs HALP Vishis RRR! (RIEL Ehe Bhedwith BHIY nﬁrﬁ‘ahff' ength of
light (600 nm). Dry hydrogel sanples that fit the sanplinng cell were

y

prepar.ed and attached into C plastic cuvet. T ransm tt ance val ues of
bR E e P RE B PR Dol b Sl e YIS SRERHbBRES: of 1 e

pl astic covet as blank. A TJEOL JSMb330F Fi el d Em ssion Scanni ng El ectron
M cridariayrd teastcaniedye drugsoneanipben with espedido sy dodlateabsemanegr ub | aden
hydr ogel s. The hydrogel sanples were braked wth the help of liquid

ni t nages oatathetieonSEM dpreigasetovap eheobtigicomatnattidh eabbraken suvéame she dihe
sanpl es are vacuum dri ed before nounting on the sanpler to renove any

I eMeoRibROfoMALSENidOEaind Rewaed wére pRIpARK. Mg hdle AR BREGIERs Wi EdHBPled Sanpl es
re kept in a vacuum oven overnight for this purpose. The optical

OB I8ORM KR Parr (R0 pREAGH orthe BruBTGLasE iffodhd Bhtel Fa$ HBufiteh08 VIO

03/1

using the calibration curves.

Microemulsions were characterized by light scattering (Brookhaven Instruments, Zeta
Plus particle size analyzer) to determine the patticle size. All samples were filtered with a
0.2um syringe filter before sizing.

The transparency of hydrogels were determined by light transmittance studies
(Thermospectronic Genesys 10UV-Vis spectrometer at a visible wavelength of light (600
nm)). Dry hydrogel samples that fit the sampling cell were prepared and attached into a

LN plastic cuvet. The transmittance values of each hydrogel sample were measured by taking the
transmittance of the plastic cuvet as blank.

A TJEOL JSM6330F Field Emission Scanning Electron Microscope was eni%loyed to
characterize the structure of the drug-laden hydrogels. The hydrogel samples were braked
with the help of liquid nitrogen and the SEM images were obtained at the brake surfaces. The
samples are vacuum dried before mounting on the sampler to remove any remaining water or
the oil in order not to damage the instrument. Samples are kept in a vacuum oven overnight

for this purpose. The optical microscope (Olympus BX60 Optical with SPOT RT Digital
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Canera) images of the sanples taken both before and after the vacuum
trreatnent are used to determ ne any possible structure changesﬁt%ﬁ%ﬁ%‘é‘ﬁﬁﬁ
occur due to vacuumdrying. The | owest possible accelerating voltages were
~used andwg yLfp¥ssbhi n Carbon coating was applied to prevent charging.
Magni fications as high as 80 kx were obtained. Drug diffusion studies were

| formed i Th ic Ge OWV- Vi t t t W
- anqe gecrgl e o Rant TS BRY hodeTormanTaiane veamen Pl B et iomy o ogel s

Loaded w th Drug Laden M croenul sion Nano-droplets As expl ai ned above,
soakidstpriire anypeadbleisERg e rbangrsubatganuecohdeeto wadum ey ing dFlaglevesti t h t he
drug solution and subsequently releasing it is not very useful. Another
possipoksblesotaldratiry veltdgeds Weretsedasd oy thineCabogcomingoudseppied ®ct 1y in the
pol yneri zation m xture and performthe polynerization with drug nol ecul es

in t%\%ﬁﬂ&&%bgﬂ@héﬂiﬁeatﬁﬁwy Bish ak REN& Wwr€ob@fiaral drawbacks to this
application. First, nost of the ophthalmc drug formulations that are used

in the eyg tr ment ar.e hydrophobi c |l ecul es. Thi s prapert t he drug
ol ecul o2 PHRRRLT sl PEE PRaR b BR LtE b i e LR AG o1 1 he

pol yneri zati on m xture. HEMA nol ecul e has sone hydrophobicity, however nost
of t hds epasEometey at {ytrange asicxplamadyabRVgh to  di ssol ve enough drug nol ecul es
to rel ease drag for extended periods of tinme. Also, the only resistance for
the diffusion of drugs fromthe hydrogel to the eye is diffusion of these
particles fromthe lens matrix into the eye and this |eads to a very fast

rel ease that iSyniBksis dR@TraRéMittadeiStidiBaivith HA®eBRI d¥de@ont rol over the
drug release rates in this case; the drug nolecule travels through the

hydrogel matrix w tp. |, di. fArHS] i i nportant di sadvant age
o:‘Cdi rectly dissol v\p‘rﬁgﬁt‘ﬂgi@r‘%‘d %gééﬂ?lg@%ﬁﬁgf%g%@#fmri zation mxture is
t

Dol yror | 2 AbiCGHEACPY Y SR BEEOT R T PHCOE SHATPR o oA [Beoks i above
di sadvant ages nake it inpossible to dissolve drug 14 A0O6 WD 03/103549
with the drug solution and subsequently releasing it is not very useful. Another possible
solution would be to dissolve the drug molecules directly in the polymerization mixture and
perform the polymerization with drug molecules in the hydrogel matrix. However, there afe
several drawbacks to this application. First, most of the ophthalmic drug formulations that are
used in the eye treatment are hydrophobic molecules. This property of the drmg molecules
makes it hard for them to dissolve in the water phase of the polymerization mixture. HEMA
- molecule has some hydrophobicity, however most of the time it is not sufficiently high to
(».dissc;lve enough drug molecules to release drug for extended periods of time. Also, the only
resistance for the diffusion of drugs from the hydrogel to the eye is diffusion of these
particles from the lens matrix into the eye and this leads to a very fast release ihat is riot
desirable. Additionally, one has no control over the drug release rates in this case; the drug
molecule travels through the hydrogel matrix with natural diffusion. Another very important
disadvantage of directly dissolving the drug molecules in the polymerization mixture is the

possibility that drug molecules may become involved in the polymerization reaction and lose

their functionality. All of the above disadvantages make it impossible to dissolve drug

14



nmol ecul es directly in the polynerization mxture. The crux of the present
invention is to provide a capsule that will entrap the drug m'aﬁ%“%,p 06
instead of directly dissolving themin the hydrogel matrix. In ¥hi sm?
one can gngﬁﬂgighe interaction of drug nolecules with the polynerization
" m xture. so one will be able to dissolve nore drug by choosing an

appr o%51@&&@9&9%ﬁi@dﬂ,ﬂeﬁgmi@a k830! ¥he Eux om%rnfegenl% iellw%apﬁ%i c liquid

phase saturated ug I's entrapped in a nanopartic I's prevents
both the .i.nteraction of.dru lLecules with the. polynerization m.xture and
2l 'so provitBermil Erond it BF dRedndiourrer B tp it i e Ry s
first diffuse through the oil phase to reach to the particle surface and

t hen HAghydresed apptixalethihwapaeicen preyepifthe Btergcianeldg edisedtesgeath that ri x. By
changing the properties of the nanoparticles or nodifying their mobility

and stmibyrhdrizgtiomenixtare. #dbo enewgbbdlatdot disdol w@bre dihg byaheosdfs atr ug r el ease
and have the potential to obtain zero order drug release rates As expl ai ned

above,agi&)e@ﬁaté Hy8roph¥bRAgRd to divReveH. Whgh %%Moﬁhgncﬁiaﬁmﬂh@&é s%ratelahi S

formul ati on was chosen because of its bioconpatible nature and ability to

di (Y2 : I ' . of ' he. ai |.. ph . Th
i or ociil 4PERT APk & SREloeBTBYL B T 1 el e Bl BATR M Biges ¢

the sinmlar bioconpatible OWmcroemul sions. This allows one to_ increase
the cohtele PabmsHzaRon RaxtdreAd 3k pavidpeadkhdensg srsistance e dyedpieess; ie.,
therapeutic levels. Type |I mcroemulsion is yellow sh yet transparent, which
i s suithaddue nfust first diffue tthioegls theppl phest fooesch toi thh patickt suefatenapdsthemhas ( Fi gur e
2) showed that this mcroemulsion has a droplet size of approxinmately 14

ri m t Raperefra®nBé barGbRUYRat © toRhet ﬂhe@y@ﬂo@ﬁﬁlﬁaﬂiﬁﬂBl}/ cHbEdiNE el psbrtitiesldre Type |
mfcroenmul sion is then used in the hydrouel fornulation as the water phase.

The h : 178 otehi : L ' L nsd . oi |
i opl SE B S S %, VB ot SR P8 e

cr oss- WGt FRBIERT tPd ULk BRSSP B Er g Spkg d2'e Blfe 5881 bl e reason
for this could be the interaction of surfactant nolecules with the HEMA
nononer ( sésfeiplaed apaEent Y96 1iis ad¥indptrel {yre fIWomBgrpemmsion formpglation.n ~ ¢ r- gt
This formulation was chosen because of its biocompatible nature and ability to dissolve
comparably higher amounts of drug in the oil phase. The microemulsion contains about 10%
of oil, which is comparably higher than the similar biocompatible O/W microemulsions. This
allows one to increase the concentration of the drug inside the hydrogel to the desired
therapeutic levels. Type 1 microemulsion is yellowish yet transparent, which is suitable for
( contact lens applications. Light scattering studies (Figure 2) showed that this microemulsion
has a droplet size of approximately 14 nm that is small enough to obtain a transparent
microemulsion. The Type 1 microemulsion is then used in the hydrogel formulatiof; as the
water phase. The hydrogels synthesized this way contain drug dissolved inside the o1l
droplets in a continuous medium of water. When the microemulsion is added into the
polymerization mixture containing monomer, initiator and cross-linker, the solution became

completely opaque. One possible reason for this could be the interaction of surfactant

molecules with the HEMA monomer (surfactant Tween 80 is soluble in monomer). Resulting

ot
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WO 03/ 103549 hydrogels prepared with Type 1 m croenul sion are, therefore,

not transparent. Transmttance of these hydrogels is about 4.4% V\hereg,§. t he
val ues for the pure p-HEMA hydrogels are around 87% at this @éhcentrafl ‘on
of the water phase (see Figure 6). Note that these transmttance values are
for | ensgsod/ansiod nes thicker than a typical contact |ens. Therefore, it was
concluded that it was needed to prevent the interaction of surfactant

mol ecliiidsegeds prepated withn Gy 1 miggpemhisonpue, phaeforg met irnmspashe Mransastimened
around the surfactant nolecules surrounding the oil droplets. In this way
one vafithekelteydaddeds is@bstiadd dpivdredsige Pithesfoplegiuse FMENINENVRIAb odifei Nt eracti on
of surfactants with the nononer- Cctadecyl-tri- nethoxysilane (OTMS) was

added,bond ey, E(_iﬁ_ﬁsé l‘oﬁﬂeﬁ?ﬁmfsthé)@aéﬁg}qﬂe (Qewvﬁlg %ytg?lﬁ]z{t%ﬁe gl N a weak

acidic medi um resulting mcroe sion was yellTow's transparent.

Li ght, _scatterin stud ure 3 t hat roemul sion has a
dropﬂ5¥m§F§@“89m BBF: % %3§6mﬁhPaVﬁg%mﬁHWBmﬁbﬁpgéﬁﬁmé|on was added into
t he pol ynerization m xture the solution | ost sone of its transparency but -
di d not t ubkereipayuewasteansludad thaaiterstisated there watiheiinnrasfiolOPBIfastanor m t he
silica shell around the particles helps to prevent the interaction of

sur f antlaotlesrofitbahd e®nuinth Fohsinmuposy, a sitiewelel whd fodmes anid piievent the
interaction conpletely and there is still sonme transparency |oss. Hydrogels

pr epangdciht Ilﬁol-E)éﬁ)I%s gun(mﬂ%frﬁemy bl 'd%}ﬁe@rlﬁ (ROt UGS Ye TNBYY ?taﬁukﬁlzﬁher

transm ttance. val ues of g/@ denonstrating some | nprovenent

ot St 7 aranets 68 ptelfad b IRERLER L SRS bt B ed B

hydrogel it was deC|ded to enploy ot her . m croenul sion systens which woul d

r Sdhehs lene K hiod ey added ta Eymb%@p@ﬂélmqntanﬁ@llowé pepelsmetipat t he
t@nsparency | oss of the polynerization mxture with the addition of

r ae MW sk anidicmddmnt. oThdresulnb@macoemnlsahn wireyedloadihfind tsmsaettabighool ecul es
wi th HEMA nononer and break-up of the mcelle structures. The
i dentsidticgimbisanii@f (Fagse B aobkanthdt et meleesmuisdh Haﬁlbﬁfcs'}‘ﬁét sietdp monomer shoul d

sol ve the transparency problem For that purpose, it was 16
approximately 20 nm. When this microemulsion was added into the polymerization mixture
the solution lost some of its transparency but did not turn opaque. This indicated that the
addition of OTMS to form the silica shell around the particles helps to prevent the interaction
of surfactant molecules with the monomer, however it does not prevent the interaction
completely and there is still some transparency loss. Hydrogels prepared with Type 2
microemulsions are not completely opaque (higher transmittance values of 19%)

( demonstrating some improvement in the transparency.

Since the transparency obtained with Type 2 microemulsions was not sufficiently
close to the transparency values of a pure p-HEMA hydrogel it was decided to empléy other
microemulsion systems which would improve the transparency. As explained before, it is
suspected that the transparency loss of the polymerization mixture with the addition of
microemulsion is due to the interaction of the specific surfactant molecules with HEMA

monomer and break-up of the micelle structures. The identification of a surfactant that does

not interact with monomer should solve the transparency problem. For that purpose, it was



r ;M6 WD 03/103549 decided to entrap the drug in a Type 3 m croemnul sion
that enploys Brij 97 as surfactant. Brij 97 is not as readily:ﬁsgpl;furm 8RS
Tween 80 in HEMA. This microenul si.on contains about 1% of oil ¢ hifdh 4080
conpar ab%l ower than Type 1 and Type 2_ The maxi mum solubility of the oil

_solubl e #%19354i docai ne is nuch higher for Canola oil (5.1 wtlwt %drug in
il) t Hexad i I M /wt %.d i | | - till
ent 1 ag aRsg S FAPRIRE dribna T it iaERE ot PrBlasd P oter Sutad b rn | ke

Type 1 and Type 2 mcroenul sions, the oil phase, hexadecane, of this

f or mul e 8t 359eBly soldde apAreen &0 il Aer This piemamisisiameiniains ahayt dded by

bi oconpatible oil. Light scattering studies (Figure 4) showed that the

m cr oerwilswbith ihevepaabliydpivet then Zgpot aapPyped.iteahyxiMunnyditiatity of tbeibil abl e
for contact lens applications. Additionally, resulting mcroenul sion does

not  haymipk ©OhQ I #odathe iy RESh higio? CalbRnitBa Wi/t itk $h 61 fhén added: into

the pol yneri zation m xture containing nononer, initiator and cross-|inker,
the s j i ency sl ght | 0 er._nof as drastically as
Tyt BTG BIRAEEAGY A ot oMY Slp hp ETnERRRSE i o

HEMA  The tr_ans‘gi rency of the h dr,ogerl s synthesized with Type 3 .

m cr o SABERIGRORGL §%’reBHC e’éﬁ&m%i oR® 1 a0yl yRe ? PURRRTUIROTSy DR SHar ency of
t he hydrogels synthesized with Type 1 and Type 2 m croenul sions. Since one
coul d ppasey bertadedrae; oft thisdormaatiof 1ssar biacempatibhe Hpvdves it eindereesigxt ent i n t he
case of Type 2 mcroenulsion, it was decided to introduce OIMS to Type3

M cr oesplhcd ®yhiododnpaBibI8 @l. lifhtGaatehia studico URidutdd) shbwed tpptiet s to stabilize
them This mcroenm sion was designated as Type 4. The silica shell forned

arou ngﬁuhg)@rvl\nﬁﬁ&% %&QQ _?E&;ﬂl&%‘i‘ieeﬁ.aﬁgl%mﬁt&g%}?n AL AGH 30 Q{nt : k }e{x}s 97

nolecul e resul ti mcro sion was a conplete
(Fraurarsipya ey il buf Prdhbnufioroons o dheEa el TR drivdct | ens
appl i cat ions. Wien this mcroemnul sion was added ri nto the polymerization
m xt uPeWhea the mirspemelsiop i$ added\ipte theprlpmeazRloMIAKEHR FRNtINIHICHBARIBR, with t hi s
m cr oenul si on have about 79 % transparency.
initiator and cross-linker, the solution lost its transparency slightly, however not as drastically
as in Type 1. This shows that Brij 97 also has some level of interaction with HEMA. The
transparency of the hydrogels synthesized with Type 3 microemulsion was measured as 66%
which is higher than the transparency of the hydrogels synthesized with Type 1 and Type 2
microemulsions.
Since one could prevent the interaction of surfactant molecules to some extent in the
( :case of Type 2 microemulsion, it was decided to introduce OTMS to Type3 microemulsions
to form a silica shell around the oil droplets to stabilize them. This microemulsion was
designated as Type 4. The silica shell formed around the hexadecane molecules prev%nts the
interaction of Brij 97 molecules with HEMA. The resulting microemulsion was a completely
transparent, colorless sqlution with a mean droplet size of about 15 nm (Figure 5) that is
again small eﬁough to use successfully in contact lens applications. When this

microemulsion was added into the polymerization mixture, no transparency loss was

observed. Hydrogels synthesized with this microemulsion have about 79 % transparency.
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=17 gFS ~ R--" x A.. WD 03/103549 This is the highest transparency val ue
obt ai ned for the four hydrogels synthesized with four different o
m croemul sions. This transmittance value is very sinmilar to t {5805 7008
transnmttance value of pure p-HEMA hydrogels. The difference in the

~ transm twensosser a pure HEMA and Type 4 | oaded HEMA hydrogels w il becone
smal | er for contact | enses which are about 10 tinmes thinner than the |enses
that HRisds Beprghestiranspareagisyalia eifaacdiardhe e Rydogals systhesizedwighfouy seen
fromFigure 6, hydrogels synthesized with Type 4 mcroenul sion are the nost
pr om diffegerhydeogalutsidoer Thontashitains valpplis vay sionkr w the &766 pacdmitiance
transparency. Drug Rel ease Studies After synthesizing drug-|oaded hydrogels,

the rad186 oPpurd pULIEREL BREBed1S. OMkerra¥atoghe iRkl WesEa PRATHERN addi ti al
drug diffusion nmeasurenments were perforned with the drug,” Lidocai ne.

Li docaj he i [ I -ar ] [ onmpn used restore
O oS TREER AR o8 AN RN IO Forf e R ST FR0 AT o e
(CL4HR2N2Q. HC ) i a wat er-sol ubl e drug that can be converted to an oi

sol ubiiees B’Flﬂﬁ%;‘}hﬁﬂég‘%}@r‘% that wre pmglaygd én tansapitapce SHAPURIE)E S HE. 1t can

t hus be used as both a hydrophilic and a hydrophobic drug. It is

cont extpirdyt eein e Feguye @hydheebphnthasinedwith dyge # mobuodinmgpioh aeltod jnoat
non- sel ective beta- adrenergi c receptor bl ocking agent which treats

gl aucgamisity 6L @SPEE ifdt cbntadt lehPSiPMHChiiGnsCYieh teBpech @ iyRRPhkHEy. t hat has shown
promsing results in the treatnment of dry eye synptons and G proflaxin
which is a synthetic broad spectrum anti-mcrobial agent, steroids such as
Predni sil one acetate which are used for treating macul ar edema, Acul ar and
Vol taren which are non-s erokg% tﬁg; al so treat macul ar edema, antibiotics
sgih as O | oxan, GentanycPH!E RE&AH Y4BEFins, other gl aucoma treatnents such

ag Trusopt, Al phagen and several other ophthalmc drugs would al so be
oper abl e Adftexpingiesigmgseigicaded hpdigrels, the raessy daeg kldase Gomaibadydisgel
synthesizing two different hydrogels_ one has drug nol ecul es entrapped
I nsi deatmanegamnidasired. Iamd! dine doffireon owesureneredwere performed with the drug,

Lidocaine. Lidocaine hydrochloride is an anti-arthythmic drug commonly used to restore a
regular heartbeat in patients with arrhythmia. Lidocaine hydrochloride (C;4H22N20 « HCD) is
a water-soluble drug that can be converted to an oil soluble form by reacting it with a base
such as sodium hydroxide. It can thus be used as both a hydrophilic and a hydrophobic drug.
Itis contemplated that any of the ophthalmic drugs including Timolol, a non-selective beta-
adrenergic receptor blocking agent which treats glaucoma, Cyclosporin A, a lipophilic cyclic
( polypeptide that has shown promising results in the treatrnent of dry eye symptoms and
Ciproflaxin, which is a synthetic broad spectrum anti-microbial agent, steroids such as
Prednisilone acetat‘e which are used for treating macular edema, Acular and Voltareif which
are non-steroids that also treat macular edema, antibiotics such as Ciloxan, Gentamycin,
Cephlosporins, other glauncoma treatments such as Trasopt, Alphagen and several other
ophthalmic drugs would also be operable
As explained before, the drug release data is obtained by‘synthesizing two different

hydrogels: one has drug molecules entrapped inside nanoparticles and the other one termed
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18 11 C ?U6 9~ WD 03/103549 "bl ank"” that al so contains the nanoparticles but
doés not have drug dissolved inside the nanoparticles_ The only ﬂlﬁtqﬁermge
bet ween a drug | oaded hydrogel and a blank is the presence of et ©

ol ecul eswigwstilpsssbor mer. Therefore when UV-Vi si bl e neasurenents are carried
out with both hydrogels inserted into the wat er and the absorbance val ues

obt ai ned _f.0 the bl ank. are sut fro of . t rug, | paded
hydrog@lank tﬁ%t A %pnta%s[tfhl P BEPaHS egcti ﬁgoes ?Y)e é‘f@édf%atvﬁ‘gfnsﬁﬁ t he drug
rel eased into the water. Figure 7 shows_|ong term Lidocaine rel ease data
obt ai A&¥PPRHISIS aTWBQﬁefe@?ﬁFWPz’leﬁugﬂpaé?‘? Brdipgeland sk thene drug

nol ecul es inside the polynerization solution with a hydrogel prepared by
di ssoprestige bif doganslecuted mdid Esmen Thhefak lwhghd$€-\atible/peasfrenmnts aenul si on.
The amount of drug release in the case of direct dissolution is nuch higher

conpaggded ut wigh Bt h9ERge BYNRES 146 theWh 4tbr ahiRBe 4bdBt AL hilisd ained for
nanopartl cles. This is because of the exceptional ly high solubility of oil

sol ubj rl)jﬁ f%&iubh' ?t%ﬁ?fo?r?thapoi{tt{%gﬂ%qﬁ%d hy%ﬁ(?% !; the onl?% ttn%B{ t f, all

hydr o are con Ens
ITB.tI’IX In add|t| t knownthe extent to which the
Li docashEbapeq ’éé@égf Q‘i‘%firlﬁgeq eWeIdest royed during pol ynerization
and the concom t ant extent to which it still preserves its functionality.

As seen i nFighmpuif €ho8's lomeiersAedacainerelcasel datesebtaiaté fofior hydregd two 1(,
hydrogel s are conpared it is seen that rates are considerably slower for the

hydr ogglthdsfad by dRedtsi mesowln@trelds@@mmule@ indedtapapblyelegisationodutichowites t hat
entrapnent of drug nol ecul es thin the nanoparticles acts to reduce the

éfbtafe?llﬁf@ Q) | ed by changing
hggpr o%)(gragggg t %%m%\%lfﬁa%ggﬁﬁgﬁcﬁo Slzg%ad}ln?ﬁ ﬁpﬂ%dé ogel matrix.

Fi gure. e anount dr.ug r.el.eased fr.om hydrogel s | oaded, with

bar t 1 Gicacinftiony i SRR of Se e if BRI LHEH SRS BERIBES 10 days.
The drug rel ease experl ments were performed only for Type 2 and Type 4
hydr 0@@;@1@1 tedle hydragad sgqlt}]%g wiEe hype 4 microemulsion nanoparticles. This is

because of the exceptionally high solubility of oil soluble form of Lidocaine in the monomer
and it is not typical of all hydrophobic drugs that we are planning to entrap in the contact lens
matrix. In addition to that, it is not known the extent to which the Lidocaine released from
the hydrogel was destroyed during polymerization and the concomitant extent to which it still
preserves its functionality. As seen in Figure 8, when short term release rates for these two
_.hydrogels are compared it is seen that rates are considerably slower for the hydrogel that
~ contains drug dissolved in nanoparticles. This implies that entrapment of drug molecules
within the nanoparticles acts to reduce the drug release rates and shows that drug rates can be
controlled by changing the properties of the nanoparticles introduced into-the hydro lc;el

matrix.

Figure 9 shows the amount of drug released from hydrogels loaded with particles of
Type 2 and Type 4 microemulsions for a time period of 10 days. The drug release

experiments were performed only for Type 2 and Type 4 hydrogels since it has already been
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19 WO 03/103549 shown that addition of OTMS | ayer enhances the transparency
by stabilizing the nanoparticles and therefore the particl esﬁt‘?lélr%a'\?éi an
OTMS | ayer around them are suitable candidates for drug delivery. For the
drug del\jvm)g%oﬁ%peri ments described in figure 9, sane concentration of drug
is introduced 1nto each hydrogel. Reproducibility experinents yield results

Wi th ghowi fHF a@ditionl oBEATMSSlalyér drhas®@R Mhd fratpibacf bhygsthsilizaltiough the same
-amount of drug was introduced into the hydrogel in each case, the anount of

dr ug f . ' ' . e 4. Type
2 m o AR e AT BXRR ROl ah SIS TRt Gho I ek P
m croenul.sions. This inplies that the norphol og nd.the pore size of the
hydroﬁ%‘?dég%fft i QB8 1'c"lgr‘%)’dih\;‘eﬁl él?ﬁéﬁl'lgﬁf’ Y58 egﬂgﬁl}é %ﬁ%ﬂléﬁdfméﬁ’gé‘hff 9528¥% each
other and this leads to differences in diffusion. This will be nore evident
f r om toreediragicerssl dng ist ihaodiost liiasacniydrogel Syrpdusihiliesexppgmetiswield n t he
Figure 9, drug concentration in water increase rapidly at the beginning of

t he exdend WRAtandRdr bevelgpf Asasistben tibmhé ﬂglﬁ@,aﬁéh%u%lﬁ' 1@ danfeQifouny 8f ogel s.
The drug concentration in water varies alnost as t1 inplying that the

di ffugjo esj.stange in th [ | is.controlling the dr r el ease.

el eadn BRI Pt Worouty P §%Fical RSP of B B R T ot day

they becane consjderably slower than the short-termrel ease rates. After a

10 dayYpet hodrogelis sarh haghes haprtheiFyRe 4-nTyRe erigragenisions haved pNshiiWarhere i s
still sonme drug present in the hydrogel, inplying an equilibrium between

t he diremppence meluathianilyipa 4onicratmopsions. t Tres coplesnbatahd owrpholdgyendyily ophi | i c

hydrogel matrix and the concentration in water. This behavior of the data

i npl i gSretshe PHRSEEEd ofitded ivitheliferent infBRodigabiess AB A rfeam fRdnfhdd ed into
t exponential curves wth an equation of the form C(1- e-"r' ) + C2(1-

e Ul peher m?s lgadsacg SirfeZencEd i iftubidn 2F s SR bE hid e FADSL A the A Eion

that follows and the SEM pictures.

As shown in the Figure 9, drug concentration in water increase rapidly at the
beginning of the experiment and level off as the time increases in all four hydrogels. The
drug concentration in water varies almost as ¢ implying that the diffusion resistance in the
hydrogel is controlling the drug release. Release rates are very high during the first day, and
after the first day they became considerably slower than the short-term release rates. After a

10 day period, concentration of drug in water levels off, although there is still some drug
(\/. present in the hydrogel, implying an equilibrium between the drug concentration in oil drops,
the concentration in the hydrophilic hydrogel matrix and the concentration in water. This
behavior of the data implies the presence of two different time scales that can be ﬁtt;d into

two exponential curves with an equation of the form:
Cl(l _ e—t/ﬂ ) + C2(1 . e—t/rz)

where C; and C», I'; and T, are empirical constants.
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WO 03/ 103, 549 Figure 10 shows the short-termrel ease data for thes

hydrogel s. This data shows the release rates obtained fromthe h;ﬂgﬁo‘gﬁﬁ“s, e
for the first several hours of the experinent. The data shows that although
the | ong- ey m/adsy@ rel ease rates were not very nuch different for the two
hydrogel s, the release rate for Type 2 hydrogel is much higher than Type 4.
Thi s showlgd}@qorsﬂ@wyfhfefsﬁ&% NG feneaw@atgf&qh&@ k\b%?éfﬂ'fg%@l& efnif BhiashERE

hydrogel s cones in this short- term period ort-term perlod t he

drug st . be bas l. ] >oni.n om.the h 0 hat is r

di ffusr%aregﬁfe toﬁ?ga ?Jéért‘f:(?relﬂéeg]&}‘{rBPe&E)ﬁtth%ﬂ‘ %@efa—bﬁ* gfﬁt}&eﬁﬁﬁrﬁﬁ?m ﬁg‘h i nsi de
the particles due to the break-up of sonme of the particles during synthesis.
The t ¢ sbews fat alfhpugh dhelongfigrae dmigrpleasedpies weiediot ver tmachgiff QIeDDgE to the
nore stable nature of the Type 4 nanoparticles a snaller nunber of particle
br eak thepsrodydurgess theetleagesrate fol Gype 2 diydibpaiiomuoi higetihanTgpe . Dieik or e
insertion into water. Therefore, there is a |ower concentration of drug

avai | gl thir thPeifferBiedn méddlag abli ey Edies fop{hegéwy(ﬁmm cdrfdsTh ek 8RGe. I n
addition to this factor, the nore porous hydr ogel ~ nor phol ogy obtai ned in

the oR%8 Lo VSRS TG OISO RIRPLES b P L th s ﬁ{é AlGedom the

particle airl’s thls Fe presente ure ‘drug
rel ease obtained for Type 2 and Type 4 hy dro el s that are nt hesi zed by

di sso %ﬁ@attlﬁéh??&%.dhﬁﬁ%eé@ﬁ&%@ﬁmw fopr%ﬁm'gm the gl anadyix 1%% opsidie

m croemul sion. The oil phase of the mcroenulsion is saturated with the oil
t o detherpartidestdve to theeheeatunp df same ef bapertickpdbiing syntlofsist Nthedgmhofitipe of
hydrogel . As seen in the figure, there is a considerable difference in the

npanicles effe@t gaseirfogioaln kivb wagt. hleao Mednhogetable ddrug dfshe Pagi€al |y because
ofg‘the hi gher drug dissolution capability of the Type 2 hydrogel due to the

Sferipailen lalhfufhd: RhaARI: HoBcARDNAL, Afwell hoh bELEATRASBH drhe end of

the 10 peri o rom Type "2 hydroge m)st three tines er than
t hat ne.consi de

baah %%»al%gw beﬁotyg]e”ﬂ%sa l%tgw%fhiﬁelsfotr%%g%fsteaﬁtg%?ﬁfﬁ{ceﬁthﬁw W Earag . Om

rel eased fron1T¥€ ydrogel is nmuch nore than Type 4 hydrogel, only 30%
of t havagpblg 1 Hiet e|4yhy§a@o AT g dhesheyideraryeleaspsiny additionda this fagker end of 10
days. This 21

the more porous hydrogel morphology obtained in the case of Type2 microemulsions enables

a higher diffusion rate from the particle. Details of this are presented below.

Figure 11 shows the drug release obtained for Type 2 and Type 4 hydrogels that are
synthesized by dissolving the maximum concentration of drug in the oil phase of the
microemulsion. The oil phase of the microemulsion is saturated with the 01l to determine the

C maximum drug release capability of the each type of hydrogel. As seen in the figure, there is
a considerable difference in the maximum drug release capability of the hydrogels. This is
basically because of the higher drug dissolution capability of the Type 2 hydrogel due to the
higher fraction of the oil phase. The amount of drug released at the end of the 10 day period
from Type 2 hydrogel is almost three times higher than that of Type 4. When one considers
the percentage of the drug released from each hydrogel, it can be seen that although the total
amount of drug released from Type 2 hydrogel is much more than Type 4 hydrogel, only

30% of the drug initially put into Type 2 hydrogel was released at the end of 10 days. This
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WD 03/ 103549 value is approximately 45%for Type 4 hydrogel. This | ower
percentage of drug release is probably due to the establishnent of

equi li brium between hydrogel matrix and water in this higher cond@gtﬂﬁfiﬁﬁﬁ
The straight line in figure 11 approxi mately shows the conventional = =

.t her apeut Wo @ragsidel i very rates for the ophthal mc drug, Tinolol. Both of
the two hydrogels release drug very fast during the first several hours of

i nser 418 14 APpRotifarelal 8% for 'h%%@l Medd gelNTER 1bwkrtjefdentaat @8 daaeRaseRrNt rol | ed
by nodi fying the particles- e long termdelivery rates are nuch higher

for T ' I : { . | G, ] evels.
The  FRpabis (A et B AR st i B R B ol e b SRR s g s
compajed to the therapeutic lLevels. This shows that both hydrogels are
capabf“@ﬂs& C%@lﬁ%@flnfﬁa ﬁﬁ@lggbhmf‘s g 11 aRRFeXimaialy shows e SgRYDRBEm t 0 be
the nost prom sing hydrogel s considering the same order of nagnitude drug
r el eatherapgpadbilivgtdgli sy catny Entthoeplithdeli¢ deigy Teydole Moth of thetwwthy@raals and

t he hi ghest transparency val ue anong all four hydrogels. Al of the data

pr eserl@de ah@wervekedhaihe gidst ByvdraIsRuld Sfinédigorel GgelatGamRéRS ekt 0
stagnant water. However, eye is a dynamc systemwth inlet and outl et

f OWShiigh rﬁt%higflldﬂzs cﬁ]ﬁ BL 8bdi %d%?%o&ikﬁhghh%ﬁlge Trh%%ﬁvc—%ﬁm\éﬁgaipﬁyggteg resh tear

fluid e eye that wou event e ‘systemto réa rium
Therefore mre drug wouyl e di.ffysing out of the particle .and a . higher

por cofft Aghdreheh St 1 frcBeligr 4T S dotee RRaree R LEGrEresH Tt he
particle. A set of experinents was perfornmed to prove this. Figure 12 shows

t he diaifg arepiche argaemler ebwih deme fdvydepgelive akoviBdlagg eompirgd thihs 1. 3 ng of
drug/ gr of hydrogel. The data (curve (a) in figure 12) is obtained by

r eptahengeatid leads.iTins stovisitratdrotigh gdisgelb wedapaileof dalivietiag ldegkfer ssvetdl  fresh
wat er at predetermned intervals. Both hydrogels initially had the sane drug

concemyk aby R hdrod1es@Adote thb Bt PYnifBE hPdhogd18BstsiR% LAk thse SHaLY

introduced’into the hydrogel initially was recovered for the systemwth

| ' y:. 389 N th
of i Pragafar s bl d botvehdi Bl Bl dBy MRREKHF el er v ot 6

obt ai ne ith water replacenment 0 hat. a very high ratio of the drug 22
the gig\?fest transparency allue among aﬂsgu\ll'vﬁycﬁrogels. y g g

All of the data presented above were obtained by inserting the hydrogel samples into
stagnant water. However, eye is a dynamic system with inlet and outlet flows: the drug
containing tear fluid would be replaced with the fresh tear fluid in the eye that would prevent
the system to reach equilibrium. Therefore more drug would be diffusing out of the particle

~ and a higher percentage of the drug initially introduced will be recovered out of the particle.

L " A set of experiments was performed to pi‘ove this. Figure 12 shows the drug release data
obtained for a Type 4 hydrogel that has 1.3 mg of drug/gr of hydrogel. The data (curve (a) in
figure 12) is obtained by replacing a fraction of the drug-dissolved water in the beaker with
fresh water at predetermined intervals. Both hydrogels initially had the same drug
concentration. At the end of the 8 day period almost 90% of the drug introduced into the
hydrogel initially was recovered for the system with water replacement while only 38% of the
drug could be recovered in the case of diffusion into stagnant water. In addition, the very high

recovery ratio obtained with water replacement shows that a very high ratio of the drug
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nl6 tFC WD 03/103549 introduced into the particles could be recovered when
the hydrogels are applied as contact |enses. Figure 13 shows thg dirug s
rel ease data obtained for a Type 3 hydrogel synthesized w th different “drug
concentra\k,%)q,gﬁéﬁ}gG ng, 1.12 ng and 0.64 ng of Lidocaine (oil soluble form
‘was initially introduced into the hydrogel matrix. ‘At the end of the 9 day

perio bout. % of. the drug initially introduced rel eased into water for
each %;t/rc(fr 3§B§Il{lmi§%ﬁﬁu 5F?‘99%grrﬁcé’ve? gl%&éﬂ? éyggg%@ &SP e(g?srﬁqn i'for each
drug concentration. This shows that concentration of the drug inside the
hydro’ﬁ@?esdoes not affect the rel-ease rates or the fraction of the drug

rel eased. This is an expected result. W do not expect the anount of drug

i nt r oducedFignted 3t shewsliyaldmgetleast dat xobmmubdlfaaaubgpedhlyydrogad bpdthkgyzedr particl e
property changes since it is introduced inside the particles and woul d not

expeciRE differémideie&dncbhicRionsel By, 998l meBid 064 mp6r ML nd BEscfpRect ed that
a change in the cfrug concentration to affect the short term release rates

sincegl.t .| ; K i into_ t ydr.ogel rix. bef.ore the gel
IS Ffr?&si]iel? @%wﬁag%q\?\gpglr ',% :il&gqhg qu{ﬁ?% L gg(%é’é’t §§ tk[éoeqlgeogglﬁ%gg}r‘?’ RE C%br?él ntration
of th r inside.the rticles. However, not nuch difference is seen in

t he slﬁsc?g P}J %@rdt’ﬁ‘gf ’@Ftéaég’én?rggwd redeaded g veder et eactidydragsk enddidomilyedrugo gain
an understandi ng of the structure of the hydrogels and to see the particles
ent r dplsesk liaps iatbevesy sinhidar Hgmkrash drughenncéniratiap. g shiomsdhat Coehoatégn ¢the sanpl e
preparation nmethods performed for SEM i magi ng have the potential of

i nt r adelghipgndiid it a6 gel heesSRIPIfES theRatl tatd dinBefrastambfihd @ugl | M nate any
remai ning water in the structure. This may cause the shrinkage of the pores

once i ek rwel . i hn the
ooy oraFae ot Qo RSB YOI, TR RLR L R BBRE 1 {1
i re taken.hefore and

case, tical mcraoscope images of the hydrogel s
af ter'™l Oeggf Pant: W'ﬁ CFFS&ﬁnéi ?’PP@S%%O%%X&&PE%YHI ryPiheS g5t 'd&l i croscope
%g?g;gg&%@g%@dg% p;}%glgg tzurléj %vtoglrdenocti g}?;ecpe?itto%1?t%pa%tew\i,\tnhtﬂ?e lgybderogse?nrrgtriex.t reatment.
We would have expected that a change in the drug concentration to affect the short term
release rates since it 1s due to the drug diffused into the hydrogel matrix before the gel is
inserted into water, 1.e., it is expected to depend on the concentration of the drug inside the
particles. However, not much difference is seen in the short-term release rates.
SEM studies were undertaken in order to gain an understanding of the structure of the
“hydrogels and to see the particles entrapped inside of the hydrogel matrix. As explained
(,.Jefore, the sample preparation methods performed for SEM imaging have the potential of
introducing artifacts. The samples were dried under vacuum to eliminate any remaining water
in the structure. This may cause the shrinkage of the pores once occupied by the waté; or oil
molecules leading to a change in the morphology of the hydrogels. In order to determine
whether this is the case, optical microscope images of the hydrogels were taken before and
after treatment with liguid nitrogen and vacoum drying. Optical microscope images showed

that the structure does not change with the sample treatment. Therefore, the SEM images

discussed below show the structure after polymerization in dry state.
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di scussed bel ow show the structure after polynerization in dry state. 23

Erb" %; 55-- . 4 1 WD 03/103549 Figure 14 shows the SEM picture of a pure
p- HEMA hydrogel The surface of a pure p-HEMA hydrogel is rat her’ﬁ?s:é?if ‘lanhd

non- porous. No grain boundaries between the cross- |inks are observed.
. However woOh/1¢aset ure of a hydrogel |oaded with particles of Type 1
m croenul sion (Figure 15) shows a rather rough surface-with enhanced grain

boundar i es ?ureTlh!i sholisaBd BEMEpiRRgeof NptiBe-HEMIE !hzal%g@lf. ThOQurfkdbPa@lra th the
addition of Type 1 mcroenulsion can be attributed to the fact that

surfa j 1.C .S K o] i g a result

o 1R e o 3 B Bl O T R RE PP cfslcea it o
the polynerization mxture | eavi t he oj hase free, G.l phase accunul ates
at tﬁ&é?a‘?%“ﬁ’&ﬂnﬁ&?’?‘é?’ﬁ‘ﬁrﬂ‘%‘é‘e@gggﬁ'ﬁ}qg‘ﬂ(ioﬁ e W&hé’é{%@isé?f%l’iﬁ%é separ ati on

| eading to the enhanced grain boundary structure observed in the SEM i nage. -
Onl ymigensopdgion rigsret IHashawea ravedr rop dsviriaed Wik enhenaed rgpate bogetarient r apped i n
the cross-linked structure. This highly enhanced grain boundary structure

| eadihigdiagtid diainpd astesapaied dfahe Bxdrba¢Ingith the aki@wontdfa@g@ar ency val ues ’
observed for this hydrogel. The SEM i mage of the Type hydr ogel (Figure 16)

shougica.Hinidiss ent ﬁ%\%ﬁtﬁ%ﬁ ﬁotpggaat PSR MEs &tgﬁﬁc@aﬂmm@ < shdfogel .

Thus, the imge s (-400 rimsize e surface wth the
snoot h surroundi,ng area instead qf. the .hi ghly enhanced ain structure
obsét JH?WW?{(&A(?%‘S%S”E? Ofl'ltl)]lﬁem gﬁ?&?“’o@a&l&egﬂ’iesdea‘if?xegr‘@?%%ﬂﬁynﬂiﬁhe surface
nor phol ogy of these two hydrogels nust be_because in this case we are

i nt ABERIEPeIngo He podumnemation apgiadlcarias thinpi phasedraeoOdtphniel eewmplaes pr event
the interaction of surfactant nolecules with the HEMA nononer- The silica

shelat thereeaie bbsnddres sotinpctdsz-iihking anfl chire asphntasdparition lsadidgeo thenoner to  sone
ektent- However it is not strong enough and sone particles aggl onerate

t ogehh@iked EREMbHEh At Psteldist @bSerfd MAROBEM isd RS OdN hhipaMNRfd At dryi ng af ter
synt hesi s, sone of these big clusters of oil nol ecul es evaporate form ng

the 118{- c%ss%?\lfe%sinqgé S{oﬁggeﬁéettegﬁ‘aﬁ}éﬁfiﬁ?h% crg&i-ﬁnked structure. This highly

enhanced grain boundary structure leading to the phase separation explains the low
transparency values observed for this hydrogel.

The SEM image of the Type 2 hydrogel (Figure 16) shows a different structure than
both pure p-HEMA and Type 1 hydrogel. Thus, the image shows big holes (~400 nm size) on
the surface with the smooth surrounding area instead of the highly enhanced grain structure

_ observed in the case of Type 1 hydrogel. This difference in the surface morphology of these

~(wo hydrogels must be because in this case we are introducing a silica shell around the:
particles to stabilize and prevent the interaction of surfactant molecules with the HEMA
monomer. The silica shell prevents the solubilization of the surfactants in the mor_noﬁiér to
some extent. However it is not strong enough and some particles agglomerate together
forming big clusters of nanoparticles. During vacuum drying after synthesis, some of these
big clusters of oil molecules evaporate forming the big holes observed at the surface. This
particle agglomeration must be the reason for the low transparency vaiues observed for this

kind of hydrogel. When particles agglomerate, they become large in size and they start to
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particle aggloneration nust be the reason for the | ow transparency val ues
observed for this kind of hydrogel _ Wien particles aggl oneratej «t hey l@e,gome
| arge in size and they start to 24 +~ $N. . ... w4d yli V\OOS/%@BS‘ig
.scatter thwosiisitwe |ight causing the |oss of transparency Figure 17 shows
the surface imge of a Type 3 hydrogel It looks simlar to the surface

i mage srhttatpmvieibme]fﬁmléahgmg dgdbsswiftiansfaeerexcept i on that grain boundaries are
observable in this case although they are not enhanced as in the case of

Typel and TMP@rea7sh$Gf's$hé sfmfdceﬁaﬁ&éaéfasrypee IS R Mok s Smildpkg i croemul sion
do not disso in the nononer they not break and segregate at the phase

boundq&

{r ansr o o Beled h%ﬁMﬁe*B%roa ?“Hytlaé"é’?ce?é@n BB PR ol s

are nore stable there be |l ess particles that are broken and will be
r el easTEeTvAblE Fyihis ?qsﬁﬁlth@lﬁéﬂ they f1g 2@t ¢paperd sk they @re a5 Eypedtand Tyipet?he short
tinme scale conpared to Type | and Type 2_ hydrogels. In case of Type 4

m cr oelns sn@res tfaFisgae ei@yants hethstmicotenndsips danrodissdlvdkia the monempr thiiEMA
hydr ogel as expected because of the very high transparency val ue obtai ned

for thichot Byedk @g@kegréshté hi the Phase @B0RI$icd Baustiten ft)kﬁhtsé eehiedtiodnTRE ekpRimi | i ca
shel|l prevents the |nteract| on of particles wth each other suftficiently

enoughPé hath RRLL £ B &aagﬁdalu%gg% &{%@ﬁ ﬂﬁr{yfeﬁ@&& sm%k lﬂ%etageagrﬁcl aysing the

| oss of transparency. Itron '® anourit es that is
ubi li.zatjon of surfa noJ ec Iesmthe nononer

destroyed d to th ta
islo ‘?retgﬁlﬁﬁ phgre Wﬁeg%la?é%%ﬁl’t]ﬁs that g dren ﬁ ﬂé&d@lﬁaﬁ'gd‘? Y4l H¥E t hat one
achl eves a nmuch | ower short tinme C rel ease rate for this hydrogel than a
ZcHgdeastied to(lpguredeasy yatesSENRiborires seale ¢ingprsed teabyrief | ot Txmes2. enabl e
to see the particles inside of the drug-|oaded hydrogels. W would al so
be “abllgdiogelsee the spots left by the particles evaporated and |eave the
surface during vacuumdrying (Figure 16) and spherical nanoparticles

§n Fggg;reral . Iﬂhgﬁz%?f tT}}gle ggn@%&?ﬁgeenﬁwg 18U ReasSciute RHMBRMLKBY Julkep-
HEMA hydrogel as expected because of the very high transparency value obtained for this
hydrogel. In this microemulsion, the introduction of the silica shell prevents the interaction of
pérticles with each other sufficiently enough that particles do not agglomerate to form big
clusters causing the loss of transparency. In addition to that, the amount of particles that is
destroyed due to the solubilization of surfactant molecules in the monomer is lower than is
the case with any other drug loaded hydrogel so that one achieves a much lower short time

(, release rate for this hydrogel than a Type 2 hydrogel (Figure 17).

SEM pictures at higher magnifications enable one to see the particles inside of the
drug-loaded hydrogels. We would also be able to see the spots left by the particles eifaporated
and leave the surface during vacuum drying (Figure 16) and spherical nanoparticles (Figures
19-21). These pictures showed success in entrapping the microemulsion particles in the
hydrogel matrix. Size of these drop-like structures are about 100-200 nm in Figures 19 and

20, i.e., 6-12 times more than the size of a single microemulsion droplet. This implies that

these particles seen on the figures must be clusters of several particles aggregated together.
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hydrogel matrix. Size of these drop-like structures are about 100-200 nut in
Fi-gures 19 and 20, i.e., 6-12 tinmes nore than the size of a sifigl erp 2008

m croemul sion droplet. This inplies that these particles seen on the
figures RyghshRse usters of several particles aggregated together. 25 'z nFr
"gear z WO 03/103549 This kind of cluster formation is expected for Type 1

and T icles.
Theseygggﬁ%g¥??€ es o %%ﬂgsgﬁ%%bhqgl?§§%?%§&?P§{§F§¥§g§éﬁﬂgg %ht stil

aggr egat 0 ent coul d nat, observe snall er r oenul si on

i op! GEErts G0 P& e i e SBE S HOPHPIOGPEE CHLGaPEL SoBHORE S Rpar t i ol es
dispersed in a Type 4 hydrogel matrix. The particles have sizes around

30- 50dawmbutshl] agerogated te bemseckitentt e capldaobpbsgres smylller, muicrasandisi on dropl et .
This inplies that nanoparticles are honogeneously dispersed inside the

mat r i deopet fiotipardgigh ambesd twathyidiodely. Fidwrel2ogkdws hoolshmtgleadisheged @sa 19- 21, it
can be seen that the particles occur in tw different regions in the

NYar OBel AMidid ol i PRE baiBss hARSIAR ASunki 30050 hlibRgs Yely@led0upr e -

observ d at” the grain boundaries and it is easy or drug to di

these i ¢l 8§ L9 the, e Sijn .they.do, not have the resistance, of the
or os ST ¢ Rt B e PR e O P P Ptk e PR BATENG e
observed basically in Type 1 mcroemul sion, The particles | abeled as 2 are
obserdiggrsed imgige Wﬁdlﬁ%{jel“@thoq‘}‘%@n&‘?lémﬁ&@ thisdwdstsebar ti cl es that contribute
to the long-term release. These particles are entrapped inside the

cr oss- | i nkesbkimgirtdgdresniedt 21, xt. cafifre seenthanthe gartiddseocoodntwe ddéereft t he
particles in these two regions could be explained as follows. During the

egibAain B0 hplioeeiSBatri&! DisSpdriisIkeThbRIRl YR B in Gizaied 19882 0ardoereae poi nt
|t neets with a nanoparticle. Nanoparticles are free to nove in the

VI bt b 4o DMLY RS ol FRAATI P 4R BufiBeBYPRY G EeL T on. There

are t wo~ possi |I|t|es Fir € particle an gr ow ng aln may have
E TR i LR I N A
and I'fhegengalsniglgs observed basically in Type 1 microemulsion. The particles labeled as 2 are

observed in all hydrogels. These are the type of particles that contribute to the long-term

release. These particles are entrapped inside the cross-linked hydrogel matrix. The reason for

the occurrence of the particles in these two regions could be explained as follows. During

the polymerization process, cross-linked polymer grain grows and at some point it meets with

a nanoparticle. Nanoparticles are free to move in the polymerization mixture having the
(freedom to move in every direction. There are two possibilities: First, the particle and the

growing chain may have an attraction to each other. In this case, since the particle is free to

move in every direction, it would prefer to diffuse towards to growing chain and it eniis up

getting entrapped inside the cross-linked structure. Particles entrapped that way are evenly

distributed in the hydrogel matrix and they do not cause the loss of transparency since they

stay as single particles and do not segregate. These particles are labeled as 2 in the figures

19-21. This type of formation may also occur if there is no attraction between the particle

and the growing chain but the reaction is much faster than diffusion so that chain grows onto
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getting entrapped inside the cross-linked structure. Particles _entrap ptgk
that way are evenly distributed in the hydrogel matrix and tth dd i dﬁﬁt
cause the loss of transparency since they stay as single particles and do
not segr@eaAessiese particles are labeled as 2 in the figures 19-21. This
type of formation may al so occur if there is no attracti on between the

par tigdrBcle®Bfbrd 1929 EAYERGCE RAdIFubLIby tpﬁes%%ﬁsl&@aﬁmém?@nto?éﬁfér than
di ffusion so that chain grows onto 26 e WO 03/ 1}63549

P T EoPR IS ahd 0 AYoENEDSE tﬁcgtterga%&n%'etqﬁ pE§1 ;96553 fnafeparti cl es

are nore since silica
shel I. around the particle ents tq i nteraction betmeen nononmer and

s
sur f dBIERHORBP G Rong R?“Fétaﬂgrsm B RRIFOHESi s that, if there is no attraction

between the growing chain and the nanopatticles and reaction is slower than
di f f usi on, As¢thereexplanapen isithitel thare 1 needtradia et wem the gravieg ghainredt i on, t hey
. may prefer to diffuse out of the growing chain. Qther chains will be

gr owithg naopehielGa® reddtien andowbeshien pafdsicl, Siacavblelpahiz]dsair€ e todif@p@i n in the
grain boundaries. This type of formation is basically observed in the case

of TYR@vdry hﬂl@&ﬁ’&? It S}%Q)bf‘}%ké{ 19 g nise out Bems LE AR %cﬂﬁlﬁ ! Bfe} Ofhi W@ t he

surfactant mol ecul e hi s mcroerru si-on“and rou ng chal n.

nanoparticl that are dest e to he hi ol ubi ity .of the
ourt AR Fiecdiie B A s oHRE “aphY i e LB e 8 Bk i tobofies o
boundarres fornln qﬁﬁclusters of partrcles These clusters are al so
obserhdgtpg ot ﬁ%‘[ﬁ@@n i5gHy sbssryrdeindhy ¢asg o5 hape | pydroggls pestiably &ettoenough t o

prevent the interaction. W did not observe formation of Typel particle
entr apnening interdvgiop hsievesh typefagtaanvholegples 41 thysimoyedsulprookabithe due to t he
I wer interaction between these mcroenulsions and the grow ng chain. Drug

“eas6wBigutlhias TBS daripitiica it @se ShaeEoRAGRESS tHehignidlapptyne thbe | i pophilic
(( drug, Li docai ne, in p-HEMA hydrogel matrices. Lon; termrel ease rat es

ver e eﬁt\gr ef lecrﬁ asegt gotnet %B@ldtﬂ}%f’l{be&:?t%th@yﬁﬁs dﬂntdgréeleyd@ gdrogels.

These rugs at ‘theser s fOr out 8 release

rat e%lus?eqs ;tnp pa?'tlclesr,rql}')ese 8?1&91% Y t]Qc‘;i b fILdt8: Type 2 hydrogels since silica shell is

not efficient enough to prevent the interaction. We did not observe formation of Typel
particle entrapment in the case of Type 3 and Type 4 hydrogels probably due to the lower
interaction between these microemulsions and the growing chain.
Drug release studies and SEM pictures showed success in entrapping the lipophilic

drug, Lidocaine, in p-HEMA hydrogel matrices. Long-term release rates were obtained,

(; comparable to the therapeutic levels with Type 4 hydrogels. These hydrogels released drugs
at these rates for about 8 days. The release rates and total amount of drug that can be

- introduced into the eye were even higher in the case of Type 2 hydrogels. “Type 4

microemulsion gave the most promising results in terms of transparency. Although the final
amount of drug released at the end of a 10 day period was much lower for Type 4
microemulsion than Type 1 etnd Type 2, the amount and rates were still enough to supply

drug for at least one week to the eye.
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* the anmpbunt an

introduced into the eye were even higher in the case of Type 2 hydrogels.
Type 4 mcroemul sion gave the nost promsing results in terns pf nrp %ﬁ%
transparency. Although the final anmount of drug released at the“ehd of a 10
day periQf MAg;siich lower for Type 4 mcroemulsion than Type 1 and Type 2,
dlrates were still enough to supply drug for at |east one week

to the ey 7 05 PEA,r 03/.103549. The formati of .a sili shel
around ¢t naTCPRRRIIE e e dd e T radShe Bard e Eelbenbhebet ween
surfactant nol ecul es and nononer that cause the |oss of transparency. This
i nt eFEBRFGD BieehsUrstaahBrlgchles RBA SPRPBISE Mk causn tsd 0sicaf; EAPERRTBYCYe) t her

i ncreasing the thickness of the shell or by adding another chemcals to

f or nilbisriorgetios hed ks incfdass in irmsaseocidarmeamchieved by pithetonpeasngthet he present
i nvention, drugs can be entrapped in hydrogel matrices that can be used to

del i ¥REkRROGMRL Bhel] GH B0 A Bare@itr 3BEmich 8BRS @Srm stiRglr dkgldel i very rates can be
controlled by tailoring the mcrostructure of the hydrogel and nanipul ating .

the size, : ' UG f L ; tCl t he

concent r afon R eRairP sBBine pEHELI B Bl i1 ERYARES) bESSEHB S w'ne 1. A
drug delivery system conprising a contact |ens _having dispersed therein as
anQPHHAERER ST F AT R B DE oG 1o SEL RN BBIS TS W COBRClopht hal i ¢
drug nanoencapsul ated in a material fromwhich said ophthalmc drug is
capalsineesoft heldrufadetigeryi rates cambricoritgdlad by maildpnguphmeapsirussere @Ethel ens and into
the post-lens tear filmwhen said contact lens 1is placed on the eye. 2. The
dr ughg®bpsleny nsnsheaingf the biae,Moncsyhetion and airettivg o ey iano pasicks andtigper sed
within said contact lens in an anmount such that said | ens remains

SubstAREL@hdoh SRhd 8RliY the particles.
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transparent. 3. The drug delivery systemof claim2 wherein said anmount of
nanoparticles is fromabout 1 to about 5% by weight, based o tﬁhe%w.ebgm
of the contact lens. 4. The drug delivery systemof claim1 whetei r-said "
_contact Manes/io3s4a soft contact Ilens. C5. The drug delivery systemof claim
4 wherein said contact |ens conprises poly 2-hydroxyethylntethacrylate. 6.
The dUAIdESi very system of claim 1l wherein said ophthalmc drug is

| i docai ne, tinolol, ciproflaxin, cyclosporin A pilocarpine, antiparisitic
or anti-protozoal drugs such as ivernectin, pyrinmetham ne, steroids such as
predni sil ope acegtate - St I SUG s \Vob-taren, jhiotics
such as ci P’oxan,g %%’?1?%%%& %;,s?{:nggﬁﬁgg%g??ﬁgﬁgﬁg%ﬁm fl}%!(lalgﬁ%r&lant‘lh%%dr %’s
thereof. 29 fl f i" i" rRn.Y4 7. Th s deliv sysiemof claiml

wher SATOBSTEleS BRY RSP AFcl e 18" anaBHE alduh ap SHTIRHEN e i n- e er

emul sion. 8. The drug delivery systemof claim7 wherein said encapsul ation
mat er PARCRGEPEHtEd Fehmateaiabiant Which saidpphidalnale dote isicepabln ohdfopartingl es,

bi odegradabl e poly (al kyl cynoacryl ates), pol ybutyl cyanoacryl at e,

pol yhaxdyheyvaivaahropblatad conlaytdetydclianode pydtdems, tear film when said contact lens

(pol yi sobutyl cyanoacryl ate), pol ycyanoacyl ate, silica nanospheres,

PEG yjls%qa%gd eRi-Bel I nanoparticles, biodegradable PLGA ‘

(pol y(D, L-1actidé-co-glycolide)) particles, (poly lactic acid), PG, PLG
(pol y(D, L-gl ycolide)) polymeric nanoparticles, mcroenul sion nanodroplets,

| i posonmes, bioconpatible gliadin nanoparticles, |ow pH sensitive PEG
stabilized plasmd-lipid nanoparticles, biaodegradable calcium phosphate,
| eguni n, tocopheoiugdelivesy syenof &J&Fmilz"é}i‘fr%ﬁg‘-d nepoRAtiCIEH e SITRIS4r ti cl es,
po}ysaccherides grafted with Pol yesthers (anphyphilic copolyners), PLA-PEG
n{\opaitmih@hiés:pntaaﬂomint&ncﬂnwn@ swqhobecsanst lensneplsistbgagradlyaiphsaltoupl ed with

transparent.

3. The drug delivery system of claim 2 wherein said amount of nanoparticles is

from about 1 to about 5%, by weight, based on the weight of the contact lens.

4. The drug delivery system of claim 1 wherein said contact lens is a soft contact

lens.

2-hydroxyethylmethacrylate.

5. The drug delivery system of claim 4 wherein said contact lens comprises poly

6. The drug delivery system of claim 1 wherein said ophthalmic drug is
lidocaine, timolol, ciproflaxin, cyclosporin A, pilocarpine, antiparisitic or anti-protozoal
drugs such as ivermectin, pyrimethamine, steroids such as prednisilone acetate, non-steroids
such as acular, voltaren, antibiotics such as ciloxan, gentamycin, cephlosporins and th(;, like

or mixtures thereof.
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apol i poprotein F, biodegradable poly(. vepsi | n-caprolacto ne)

nanoparticl es, poly(nethylidene nalonate), gelatin, poly(E- Caprﬁ*”a%“"@“e?ﬁﬁ
sodi um al gi nate, agarose hydrogel, PMVA, biotinylat ed pol y(et hyl'ene gl ycol )
conjugated with | actobionic acid, carboxylnmethyl dextran magnetic
nanoparticles, poly(vinyl alcohol) hydrogel, biotinylated pullulan acetate,
di bl ock copolyners or mxtures thereof. 9. A kit conprising: a) a first
conponent containing at |east one drug delivery systemof claim1, and b) a
second conponent containing at | east one storage container for said first
conponent 7 sai dhs fie dejycrsiten aedlaimd diherersald ophtenicarus ingpngensrseitedin t hat
subst ant i alploy-ipierestd$siorsal d di ffusion and m gration of said ophthal mc drug
during storage. 10. The kit of claim9 wherein said material that
substantially prevents said diffusion and mgration of said ophthal mc drug
i s substarti al I'Yie daigdelyewdysinuelnlpmdathgreinspid ghcapaiationphetaisehtosadr ug. H. Use
of the ki tnaﬁ’(fpdﬁllcl%‘; Ruflarf Qfunt anlﬁmﬁﬁ %n@&?tlc@égdoﬂﬁéthd’a%fe%oﬂlf(alQ}F?mnbﬁslr}rﬂt& drugs to

t he eye of patient in need thereof of ‘prieparing 't he drug
del i very wb/tb@bﬁcww%at%pglywwﬁsmgacr»@ate pslweﬂ@écyala)acrmamu di ng said
nanoenCapS(Hé)l%c%qtyfbpzmo%‘h%}?p&&d#gnoaé&%e @ihcﬂaﬁ&%ﬁér&%[&@kﬁtc@@&%-@iﬁl llens from

materials that |incorporate t nanoencapsul at ed 3)5 almc dru such that
P

t he nanoeri®aqPaticist dipdesskieblaf h@é (AL ]§Ct§‘ﬁ'ﬁ%ﬁ%{?ﬂlid grtiglen ﬁ‘PB]ﬁ/rHWC agdsper sed
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9. A kit comprising:
a) a first component containing at least one drug delivery system of claim 1, and
b) a second component containing at least one storage container for said first

component, said storage container additionally containing a material that substantially prevents

said diffusion and migration of said ophthalmic drug during storage.

10. The kit of claim 9 wherein said material that substantially prevents said ditfusion and
migration of said ophthalmic drug is substantially saturated aqueous solution of said ophthalmic

drug.

11. Use of the kit of claim 9 for the storage and delivery of ophthalmic drugs to the eye ofa

patient in need thereof.

12. A method of preparing the drug delivery system of claim 1 comprising:
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contained within said packaging material, wherein said packaging materi al
conprises a label which indicates that said first conponent of said klé can
be used for aneliorating synptons associated with pathol ogic c ri"dm*fb (ot
the eye and that said second conponent of said kit can be used for storage
of said first conponent. 31

a) providing said nanoencapsulated ophthalmic drug, and

b) preparing said contact lens from materials that incorporate the nanoencapsulated
ophthalmic drug, such that the nanoencapsulated ophthalmic drug is substantially uniformly

dispersed throughout said contact lens.

13. An article of manufacture comprising packaging material and the ophthalmic drug
delivery system of claim | contained within said packaging material, wherein said packaging
material comprises a label which indicates that said ophthalmic drug delivery system can be used

for ameliorating symptoms associated with pathologic conditions of the eye.

14. An article of manufacture comprising packaging material and the kit of claim 12
contained within said packaging material, wherein said packaging material comprises a label
which indicates that said first component of said kit can be used for ameliorating symptoms
associated with pathologic conditions of the eye and that said second component of said kit can

be used for storage of said first component.

31



