WD 20061014138 PCT/ SG2004/ 000237 POLYMER HAVI NG

| NTERCONNECTED PORES FOR DRUG DELI VERY AND METHOD

FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to drug delivery, polynmers for drug delivery,
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[0002]. Currently, nost eye nedications or ophthal mc
drugs are applied directly to the eye in the form of
drops. However, there are drawbacks associated with
‘using eye drops to deliver nedications. Typically,
about 95% of the nedication applied is lost after
application. Eye drops applied topically mx with
tears, which then drain into the nasal cavity and,

f r om t her e POAMMER TRy UNGENIERCONNECSEED ZORIS her
organs, where the drugs can cause side effects.

Addi tional |y, FOBDRUGIIEIVERE AND METHORg decl i nes
rapidly following an initial high rate, giving rise
to i nconsistent dosage. [0003] Contact |enses have
HEERDSYERHEINYENIROR| e for delivering ophthal nic
_drugs One of the conventional approaches is to soak

en: n the druy nd i
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ndwmhemb@de or may have a cavity for receiving the
drug solution. This approach produces unsatisfactory
results because the drug release rate drops quickly
BATKGROUND{ OGP AHME INVENKIONappr oach t hat has been
described is to encapsulate an ophthal mc drug in
nanggartlcles di spersed i.n the contact |enses.
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initial high rate, giving rise to inconsistent dosage.

{0003} Contact lenses have been used as a vehicle for delivering ophthalmic drugs.
One of the conventional approaches is io sozk the lenses in the drugl solution and then
insert the lenses into the eyes of a patient. The contact lenses may be solid or may bave a
cavity for receiving the drug solution. This approach produces unsatisfactory results
because the drug release rate drops quickly over time.

[0004]  Another approach that has been described is to encapsulate an ophthalmic
drug 111 nanoparticles dispersed in the contact lenses. When the contact lens is put on the
eye, the drug diffuses into and migrates through the contact lens and into the post-lens
tear film. However, this approach has certain drawbacks. The manufacturing processes
for this kind of contact lenses involves a multi-step encapsulation procedure and can be
complex. and expensive. The amount of drug that can be encapsulated is small. The




encapsul ated drug may affect the transparency of the
resulting contact lens and it is also difficult to
control the release rate. SUMVARY OF THE | NVENTI ON

transparent and porous pol ymner haV|n
v%ﬁ%ga%%ﬁﬁected pores is provided for drug SG?@WVNZ”
The pores may be filled with a liquid such as water.
The drug is dispersed in the polyner and is
rel easabl e when the polynmer is in contact with a
[-iquid. Due to the interconnection of the pores, the
drug may be released at a relatively steady rate. The
rate of drug release is al so dependent on the
particul ar porous structureZf the polymer, which can
be speC|f|caIIy formed to achieve a desired rate of
r Epcapsulated fygopy afferd fertpnwparergy °§§1§é@tﬂﬂé$ cqnitgst feppaad itiiplso
DaietiH BcoftrdTRich@EksOfated OF M Ng a pol ymer  conpri si ng
pol ymeri zi ng a bi conti nuous m croenul sion conpri sing
water, a nonomer, and a surfactant copol ynerizable
WeEmvESrk WFWE rma porous polyner
conprlsfﬁg a po yneﬁﬁﬁgﬁrlx defining interconnected
pores filled by said water, wherein said
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[0007] In another aspect of the invention, there is provided a polymer formed in
accordance with the method described in the preceding paragraph.

[0008] In another aspect of the invention, there is provided a polymer comprising a
polymer matrix defining interconnected pores distributed throughout the polymer; and a
drug dispersed in one or both of the polymer matrix and the pores, the drug being
releasable therefrom when the polymer is in contact with a liquid. The pores may have a
pore diameter of about 10 to about 100 nm and may be filled with water. The dmug may
be an ophthalmic drog.




[0009] In another aspect of the invention, there is
provided a drug delivery device conprising a
transparent and porous polymer defining interconnected

‘@ores and an ophthal mc drug di spersed in one or

BefPeBt41the pol yner and the pores, wherein tHfel/SG2004/000257

ophthalmc drug is releasable fromthe device when the
device is in contact with a liquid. The drug delivery
device nmay be a contact lens or an artificial comm The
pores may have a pore dianeter of about 10 to about

100 nmand may be filled with water. [0010] In another
aspect of the invention, there is provided a nethod of
delivering an ophthal mc draug, conprising |oading the
ophthalmc drug in an ophthal mc device conprising a
transEarent and porous pol yner, the polyner defining
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Iu—ﬂlc figures, which illustrate exemplary embodiments of the invention,

[0013]  FIG. 1 is a schematic diagram illusixating a contact lens made of a exemplary
- polymer of the invention;

[0014] FIG. 2 shows a scanning electron microscopic image of an exemplary
polymer of the invention;

[0015] FIG. 3 is a schematic diagram illustrating the structure of a bicontinuous

roicroemulsion;




[0017] FIGS. 5 and 6 are |ine graphs show ng the drug
rel ease rates of exenplary polyners; and [0018] FIGS.
7A and 7B show i nages of hunman fi broblast cells grown
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EMBODI MENTS [ 0019] Referring to Fi
exenpl ary enbodi nent of the invention is a contact
| ens 10 made of a transparent and porous polymer 12
havi ng an ophthal mc drug 14 incorporated therein.
When the contact lens 10 is put on the eye, a surface
16 of the <contact lens 10 is in contact wth the
post-lens tear filmand the ophthalmc drug 14 is
rel eased fromthe contact |ehs. 10 into the post-Ilens
tear filmat a desirable rate. 10020] As used herein,
t rmtransparent" broadly describes the degree of
t ?@%@Sa%{éﬁ O gt FOCEIPE BF ol of RemRRAEt WPIBHIS cQfent
| ideesuttpients efexerfifliry palguimk.e t he degree of transm ssion
of visible Iight through the polynmer equivalent to

t f Bidie j § manuf agt ure.
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ABolymergignd ated in Fig. 2, which is a Scanning El ectron

M croscopic image of the internal structure of an
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| ymer has a polyner matrix 20 (shown as the
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b?ﬁﬁﬁg&portions) defining interconnected elongate
pores 22 éshomn as the dark portions). Pores are
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- employed in the mannfacture of contact lenses or other 0phthahnic devices.

{0021]  As illustrated in Fig. 2, which is a Scanning Electron Microscopic image of
the internal structure of an exemplary polymer suitable for use as the polymer 12, the
polymer has a polymer matrix 20 (shown as the bright portions) defining interconnected
elongate pores 22 (shown as the dark portions). Porés are interconnected when at least
some. of them are joined or linked with each other to form one or more continuous
ﬁetworl_cs. The pores 22 can be filled with 2 fluid 24 such as water or air, |

f0022]  The pores shown in Fig. 2 have a pore diameter of about 30 to 80 am. The
pores 22 may have round or other cross-sectional shapes and may have different sizes: As




the non-circul ar cross-secti.on. In sone enbodi nents,
such as when the polyner is swellable when the pores
are filled wwth, water, the sizes of the pores nay
change depending on the water content in the polyner.
WhEHeAMEBpol ymer is dried, sone or all of PRESEYNGE00237
may be filled or partially filled by a gas such as
air. The polymer 12 may thus behave |like a sponge. In
alternative enbodi nents, the pore dianeter may be in
the range from about 10 to 100 nm when the pol yner 12
isin adry condition wherein the water content of
the polynmer 12 is at or near mninmum [0023] The pores
22 may be randomy distribused.. Sonme of the pores 22
may be closed pores, neaning that they are not
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-%ac%gt%cr:t'wiﬂ_l a liguid such as a post-lens tear film. The ophthalmic drug 14 may diffuse |
throigh the liquid in the interconnected pores 22 from an inner région to a surface region
of the polymer 12, such as the surface 16 of the contact lens 10. If the ophthalmic drug 14
is dispersed in the polymer matrix 20, the -ophthahﬂicr drag 14 may also enter ﬂi_e liguid in

the pores 22 after migrating or diffusing through the polymer matrix 20.

[0025]  Te release of the ophthalmic drug 14 is facilitated by the interconnected
;pores 22 and the liquid in the pores. The drug release rate can be controlled in part by
altering the size and the degree of interconnection of the poreé 22 and the properties of
the liquid in the pores 22. Thus, the polymer 12 can be conveniently used to deliver an




[0026] The ophthalmc drug 14 is capable of travelling
or mgrating wwthin the polyner 12 such as by
diffusion In general, the drug nol ecul es or particles
ve in_ random directions but when there is
éﬁﬁ@%ﬂf?%tlon gradi ent, there is a net romFS?SFﬂ@Mm”z”
drug nol ecul es or particles fromthe high
concentration region to the | ow concentration regjon.
The drug nol ecules or particles nmay travel faster in a
liquid filling the pores 22 than in the polyner
matrix 20. [0027] Thus, retaining to Fig. 1, the
ophthalmc drug 14 is releasable fromthe contact
l ens 10 when the contact lems 10 is in contact with a
liquid such as a post-lens tear filmwhen the contact
I alpgc e patconrollefimamee. As can be understood, the
drug nol ecules or particles at the surface 16 of the
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ifiterconnected pores can prowde a more steady release at a similar rate. The release rate

may also be affected by the manner in which the drug is incorporated in the polymer 12.
When the drag is initially located in the polymer matrix 20, the rate may be sldwer. ‘When
the drug is initially located in the fluid 24, the rate may be higher. Thus, the drg delivery
rate may be controlled by cont;olling the pore structure. and the manner in which the drug
is incorporated in the polymer 10.

[0629] The polymer 10 may be prepared by polymerizing a bicontinnous

microemulsion of ‘one or more copolymerizable monomers, one or more surfactants




copol yneri zable with at | east one of the nononers, and
wat er, such that the resulting polyner has
i nterconnected ‘pores filled with water. An ophthalmc
drug may be dispersed in the mcro enmulsion and the
WR28¢6ddHdt si on may al so i ncl ude a pol yImer i z aP ¢+ HPG2004/000237
initiator or a cross-linker, or both. - [0030] As is
understood in the art, ° m croemul sion” refers to a
t hernodynam cally ™ stabl e di spersion of one liquid
phase into another |iquid phase. The m croenul si on may
be stabilized by an interfacial filmof surfactant.
One of the two liquid phases’ is hydrophilic or
. i pophobic (such as water) and the other is
hydrophobi c or |ipophilic (such as oil). Typically,
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[oe32) A biocontinous microemulsion is formed to prepare the polymer 20. An
exemplary structure of a bicontinuous microemulsion 30 is illustrated in Fig. 3, wherein
oil domains 32 (containing the monomers) and aqueous domains 34 (containing water) -
are randomly distributed and respectively interconnected, extending in all three
dimensions. When the oil domains 32 are polymerized, the presence of the aqueous

domains 34 results in interconnected pores filled with the water that was present in the
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34. [0033] The nononers for form ng biocontinous

m croemul si on can be any suitable nononmer known to
ersons skilled in the art, which is capabl e of

Bizing with another nonomer to for kFCESG2004/000237

copol ynmer. Wile the nononer is copolynerizable wth
anot her nmonomer such as the surfactant, the nononer
may al so be polynerizable with itself. The type and
anmount of the nononer that nay be enpl oyed to prepare
a suitable biocontinous mcro emulsion will be known
to a skilled person. Exenplary nononers Are

et hyl eni cal | y unsaturated m8noners i ncluding nethyl
nmet hacryl ate (MVA), 2- hydroxyl ethyl nethacrylate

( hiERAR)s dorgaibmBdr oxyl et hyl acryl ate, nmono carboxylic
acids such as acrylic acid (AA) and nethacrylic acid
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- the macromonomer may be in the form of CH;O(CH;CH,0)-(CH,)LV, or may be
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[0035] The choice ;ind weight ratio of the particular monomer and surfaciant for a
given application may depend on the application. Generally, they should be chosen such




[0035] The choice and weight ratio of the particul ar
mononer and surfactant for a given application may
depend on the application. Generally, they should be
chosen such WD 2006/ 014135 PCT/ SG2004/ 000237 9 that
WhHeE419Bt i ng pol ymer is suitable and conpatPCHISE268/p99237
- the environnent in whi.ch the polyner is to be used
and has the desired properties. [0036] The water in
the m croenul sion can be pure water or a water-based
liquid. The water may optionally contain various
addi tives having specific properties. Such additives
can be selected for .achieving one or nore desired
properties in the resultingg polyner, and can include
one or nore of a drug, a protein, an enzyne, a filler,
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substantially when the microemulsion is bicontinuous. The conductivity of the mixtare
may be measured using a conductivity meter after titrating a 0.1 M sodium ‘chloride

solution into the mixture.

[0038]  Suitable bicontinuous microemulsions can be formed when propor'tiéné of the
eomponents are reépecﬁvely from about 15 to about 50 % for water, from about 5% to
about 40% for the monomer, and from about 10% to about 50% for the surfactant, all
percentages by weight (denoted wi% hereafer). Persons skilled in the art will understand

how to cothbine different monomers and surfactants in different ratios to achieve the




conmponents are respectively fromabout 15 to about 50
% for water, from about 5% to about 40% for the
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properties of the resulting polynmer, for exanple to
i nprove ‘the nechanical strength or hydrophilicity of
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opht hal m'c drugs 1 nclfude ant [laucoma agents
Shejr properties such as hydrophilicity or hpophlhc:lty
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{0041} Exemplary ophthalmic drugs include anti-glaucoma agents such as a beta
adrenergic receptor antagonist, €.g. timolol maleate, dnd other therapeutic agents such as
antibiotic agents, anfibacierial ageﬁt_s, anti-inflammatory agents, anaesthetic agents, anti-

 allergic agents, polypeptides and protein groups, lubricating agents, any combination or
mixiure of the above, and the like.

[0042] The amount of the drug to be included can be determined based on various




adrenergic. receptor antagonist, e.g. tinolol nualeate,
and ot her therapeutic agents such as antibiotic
agents, antibacterial agents, anti-inflanmatory
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any conbination or mxture of the above, and the

i ke. [0042] The anount of the drug to be included can
be determ ned based on various WO 2006/ 014135
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shoul d have a concentration suitable for providing the
desired therapeutic dosage, as would be known in. the
art. For ophthal mc drug dekivery, the transparency
and clarity of the resulting polynmer material is one
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polynerlzatlon initiator that pronotes
W%W1%ﬁﬁﬁetgq of polymerization chosen will be depetident on the nature of

the components of the microemulsion.

[0045] Polymerization of the microemulsion may involve the use of a catalyst. The
catalyst may be any catalyst or polymerization initiator that promotes polymerization of
the monomers and the surfactant. - The specific catalyst chosen may- depend on- the
partlcular monomers, and polymerizable surfactant used or the method of polymerization.
For example, polymerization can be achieved by subjecting the microemulsion to
 ultraviolet (UV) radiation if a photo-initiator is used as a catalyst. Exemplary photo-
initiators include 2,2-dimethoxy-2-phenyl acetophenone (DMPA) and dibenzylketone. A
redox-injtiator may also be wsed. Exemplary redox-initiators include - ammeonium
persulphate and N,N,N’,N’-tetramethylethylene diamine (IMEDA). A combination of



the nononers and the surfactant. The specific catal yst
chosen nmay depend on the particular nononers, and

pol ynmeri zabl e surfactant used or the mnethod

of pol yneri zati on. For exanple, polynerization can be
weresadishy subj ecting the niicroenul sion tOPCT/SG2004/000237
ultraviolet (UV) radiation if a photo-initiator is

used as a catal yst. Exenplary photo- initiators

i ncl ude 2, 2-di net hoxy-2 phenyl acetophenone (DWMPA) and
di.benzyl ketone. A redox-initiator may al so be used.
Exenpl ary redox-initiators include anmoni um

persul phate and N, N, N , N -tetranet hyl et hyl ene

di am ne. (TMEDA). A conbinatipn of WO 2006/ 014138
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Qo In.ltﬂ’al?’ b entratidn can be adjusted accordingly so that the final concentration

provides the desired rate of release. Thé rinsed polymer can be optionally dried and
sterilized m preparation for use in a medical or clinical application. Both drying and
sterilization can be accomplished in any suitable manner, which is known to person of
skill in the art. In some embodiments, both drying and sterilization can be effected at a |

tow temperature so as not to adversely affect the drug, for example using ethyleneoxide
gas or UV radiation.

[0049} The ophthalmic drug can be released steadily from the polymer when the




the initial concentration can be adjusted accordingly
so that the final concentration provides the desired
rate of release. The rinsed polynmer can be optionally
dried and sterilized in preparation for use in a
w@chog/ad41er clinical application. Both dryi ngcgreeoscoo237
sterilization can be acconplished in any suitable
manner, which is known to person of skill in the art.
In some enbodi nents, both drying and sterilization can
be effected at a |ow tenperature so as not to
adversely affect the drug, for exanple using

et hyl eneoxide gas or TN radi ation. [0049] The
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Cbnvenlently, t he pol ymer according to various

e I ments inventi o
[ﬂgg ‘1 Convemently, Hne polymer accor(gng to various embodiments of the invention
can be made compatible with human dermal fibroblasts cells and mechanically strong and

can be advantageously used to manufacture contact lenses for placement on the eye.

J0054}]  The polymer can have various desirable physical, chemical, and biochemical
properties. To iltustrate, the properties of exemplary polymers are described below. These

samples were formed as follows.

-

[0055] For each sample, a precursor mixture was first prepared. The pinciple
components of the mixtures are listed in Table 1. The weight percentages listed were
calculated based on the total weighis of the listed components only.




can be made conpatible with human dermal fibrobl asts
cells and nechanically strong and can be

advant ageously used to manufacture contact |enses for
pl acenent on the eye. [0054] The pol yner can have
wardeasimesi r abl e physi cal, chenical, and biroalsenicaadozs7
properties. To illustrate, the properties of exenplary
pol ymers are descri bed bel ow. These sanples were
formed as follows. [0055] For each sanple, a precursor
m xture was first prepared. The principle conponents
of the mxtures are listed in Table 1. The wei ght
percentages |listed were calcul ated based on the total
wei ghts of the |isted conpopgents only. WO 2006/ 014138
PCTI SG2004/ 000237 14 Table 1 Contents of
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{0057] Fuxther, various amounts of timolol maleate were added. For samples ending
in “T10”, “T20” or “1307, 10, 20 or 30 mg of timolo] maleate were respectively added to
each gram of the corresponding mixtuare. In addition, 0.3 wi% DMPA. was added ag UV-
initiator and 0.5 to 1 wt% EGDMA was added as cross-linker, both percehtages based on
the total weight of the polymerizable groups.

[0058] The single-phase region of a microemulsion of C;- PEO-Cy-MA-40, HEMA,
MMA, and water was determined by titrating water to various compositions of the
microemulsion, in a screw-capped test tube. Bach sample was vortex-mixed and allowed
1o equilibrate in a temperature-controlled environment at 23°C. The clear-tubid points
were used fo establish the phase boundary of the microemulsion region in a phase-
diagram. A rough demarcation of the bicontimous region was farther deduced from
conductivity measurements usin‘g' a conductivity meter after tirating 2 0.1M sodium-
chloride solution into the mixture, Tests showed that a microemulsion caﬁ be formed
' when the aqueous content of the mixture is in the range of about 20 wt% to 60 wi% and
that the conductivity of the miixture increased rapidly when the agueous content increased
from below about 20 wi% to above about 20 wi%. It is believed that the sharp increase in



the total weight of the pol ynerizable groups. [0058]
The singl e- phase region of a m croenul sion of Cl-
PEC=Cu- MA- 40, | EMA, MWA, and water was determn ned by
titrating water to various conpositions of the
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i Befbérizating|fonabent et iosrs.  The precursor for a sanple

was placed between two glass plates or in a

PII0BORt hafkd: Yiobin: ; rizei0h, Othe }ﬁﬁidpﬂnﬁzgg&uﬁiﬁrtx Tr&ahM é}“%lmte& Hinth ha? solid

- precursor.was. then ace n .a. onet TM phot or eact or

ORI, g g O%ﬁ?'Jee?fsﬁ 1 ithy e vt Jfittipls EreseR) i, the
aboutem8Bon No wkiésiatle sifeqiryduet wzalob@fvel offer pilAudrizbiwg. -

* hours. [0060] After polynerization, the liquid _
NfoRB P MUtLS | 3R el Shaf e Bohidat, And Seile AmoRQ! HUIE Ehefab%'\éésn&
i'nterconnected pores Tilled wi t-h_thg water initrally

- pPRSeiEs SR do RpeteoRmalyartied medug yaenymen Fugacing dimolol
puisglebis; ifd VB Mhe ORERY MAEkiD Wa vadbod YdBEiveR! WRDdeidnDed dktilled
:‘P%%pa?{] % A= %%eg get\%%%eemgg %e?x{plar%ﬂ‘e 5 falgo?rE 6(}98 'rot Bne 10 TR0 ﬁc()jurs._
- At the end of washing, no substantial amount of un-reacted monomers and fimolol was

present in the sample material, as confirmed by the absence of UV absoiption bands
between 190 and 350 nm in the washing solation.

[0062] Measurements show that the un-loaded samples (Polymer-20, Polymer-30,
and Polymer-40) had high percentage water contents (Q) after reaching equilibrium in a

- liquid medium. The resuits of swelling measurements carried out at 37°C in phosphate
‘buifer solutions and lacrimal finid (0.9% NaCl) are shown in Fig. 4. Q was caloulated as
follows:

O=(Ws- o)< 100/, ®



nol d, was washed to renove unpol yneri zed resi due
nmonomer, surfactant, tinolol naleate, and etc. The
sanple material was washed successively with deionized
distilled water at tenperatures between the room
WeEmoeer1dsre to about 600C for one to two hOBCESG20M/000237
the end of washi ng, no substantial anount of
un-reacted nononers and tinolol was present in the
sanple material, as confirnmed by the absence of W
absorpti on bands between 190 and 350 ran in the
washi ng sol ution. [0062] Measurenents show that the
un-1 oaded sanpl es (Pol yrmer-20, Polyner-30, and

Pol yner - 40) had hi gh percenjgage water contents (Q
after reaching equilibriumin a Iliquid nmedium The
results of swelling nmeasurenents carried out at 37C in
pietesg Wa tsathe mmwﬂgmlaun M isthafg weaghe bihe saﬁﬂpw ets (sCapPikent
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anﬁﬂeﬁm&bﬁé O&I BhiDBeeB obsdt@ thad Polykien &stefs Qﬂﬂlshxgﬁ walee
n$% @5@ her pH (-7), mhlch i ncreases the

éP%@f St P e EbuIS|on bet ween the negatively charged

ions, thus expanding the interconnected porous

{B@GAr Kk Ther ‘Tekashi tyghsitione fduipagtuies @lgk oof| Thk edayapldumatedalhivepe

RiSAeRShddby sthrmih ) Gal ARk EhalRERL KA. 5- 16%&%%%&51@% sealed

Qbserved that onner systens wth wat er” cont ent

2§ 2RegHmpBPo She Spaled spmly wankeaigl Som toplarfgmw%we to about
200P0E Eatliddr 6 2biul APC, Ozfndtthﬁi Boaf¥P la8aiiBp @6 12Bdub 206°CECat a rate of

rm ned scanni n calorlneter characteri zati on.
gﬁ%gnﬂﬂn gé%ﬂ 3§WﬁT@E Wﬁ €%n al um num pan.
The sealed sanpl e was heated fron1roon1tenperature to
about 200C, co®hle?2t dGlaisdirtns@ion Tempetahaa heat ed agai n

up to about 200C__at a rate of

_ _ Sample Te ('C)
Polymer-20-T10 104
Polymer-30-T10 - 102
Polymer-40-T10 100
Polymer-20-T20 108
Polymer-20-T30 112
Polymer-20 o 90
Polymer-30 ' _ 86
Polymer-40 84

‘[0065]  As can be seen, the glass transition temperatures increased when the samples
were loaded with a drug. This is likely due to the filler reinforcement effect. The filler
(drug) retards the chain mobility of the polymer segment, thus increasing Tg. Further, the
lower the polymer content, the lower the Tg (e.g. comparing Polymer-40-T10 with




10C/ m a under nitrogen. The results are sunmarized in
Table 2. Table 2 dass Transition Tenperature Sanple
T C Polyner-20-T10 104 Pol yner-30-TI O 102

Pol ynmer - 40- T10 100 Pol yner-20-T20 108 Pol yner-20-T30
wid 2oos/Pakagner - 20 90 Pol ymer-30 86 Poe r - 40 p8ischdd06idls7
As can be seen, the glass transition tenperatures

i ncreased when the sanples were |oaded with a drug.
This is likely due to the filler reinforcenment effect.
The filler (drug) retards the chain nobility of the
pol yner segnent, thus increasing Tg. Further, the

| oner the polyner content, the |ower the Tg (e.g.
conparing Pol ynmer-40-T10 w {h WO 20061014138
PCT1SG20041000237 17 Pol ymer-20-T10). [00661 The
dpaanR-20|ghani cal properties of the sanple materials
were evaluated at 25C and 80C. The tenperature

oﬁ“?ﬁ@ g@%ﬁOf the Iastlc E &3 ngﬂéh§coussg%g§%6mﬁ%}m

f 28q uahROJC. dthe len:fpaﬂfrl]]ﬁe deyendenas burth@gasnt-, (@3 endoadcaBhRIns (G)

the te eratur on125 to,80C at .
1 ehialfiE REAMD G R EITRGE B bl o305t R hlpring
Miesh ariawstbes Ghile &cteasingziht tamperafﬁmnmire 283C 16 N0%) atal "C/2AmC The
11%@1@3 %@ &t&qﬂ;rable 3.

Table3 Mechanical Characterization

Sample G’ (Mpa) G” (Mpa)

. 25°C 80°C 25°C 86°C .
Polymer-20-T10 | 0.290 0.137 0.124 0.086
| Polymer-30-T10 | 0.115 0.069 0.071 . 10016
‘Polymer-40-T10 | 0.092 0.031 | 0.054 10.007
{ Polymer-20 0.091 _10.049 - 10.030 0.011
Polymer-30. } 0.077 0.055 '10.019 0.007
Polymer-40 0.039 - 10.026 . 10.007 0.004

[0067] At temperatures well below the Tg, the sample materials had high values of
G’ and G*°, which decreased at higher temperatures near the Tg. As can be appreciated
by person skilled in the art, these G” and G* values were suitable for contact lenses

because a proper balance of comfort and visual performance can be achieved.

[0088] The release rate of timolol from the loaded sample materials were measured at
37°C in a phosphate buffer (pH 7.4) solution and a 0.9% NaCl solution (pH 5.5)
respectively. The solutions were sampled at regular iﬁtérvals and the sample solutions
were measured spectrophotometrically. The results are shown in Figs. 5 and 6. As can be
seen, the release rate is relatively steady over mary hours, The rates depended on the
solution medium, the type and amount of polymer present in the materials, and the
loading of the drug. The release rate of timolol maleate was faster when a larger amqﬁnt
of the ;Img was loaded. Again, without being limited to a particularly theory, the higher




Pol er-20-T10 0.290 0.137 0.124 0.086 Pol er-30-T10

0. 115 0.069 0.071 0.016 Pol er-40-T10 0.092 0.031
0.054 0.007 Polymer-20 0.091 0.049 0.030 0.011

Pol yner-30. 0.077 0.055 0.019 0.007 Polyner-40 0.039
VW BoE01815807 0. 004 [0067] At tenperatures WeCH/SGedoe000237
the Tg, the sanple materials had high values of G and
G', which decreased at higher tenperatures near the

Tg. As can be appreciated by person skilled in the
art, these 0' and G' values were suitable for contact

| enses because a proper bal ance of confort and visua
performance can be achieved. [0068] The rel ease rate

of tinmolol fromthe | oaded ggnple materials were
measured at 37C in a phosphate buffer (pH 7.4)

S odlesse @Y ifHikklp dik ©@%hd\aehtorsOlellibg @Bty I tfe. fo)ymer material and its
r%%aﬁ&%#éely. The sol utions were sanpled at regul ar

i nterval's” and the sanple solutions were neasured

spect rophotonetrically. The results are shown in Figs.
5 1681 6. Tonigstdhmbiprompaithility of the sampllcometerialsa Hgmins Fibroblast Cells

F QlelsbadBd ¥n e BAENe AURFITRR : 14, t . .
on. hse_ sol uti %ﬁﬂ_ﬂne%gf%ﬁm tﬁé:’g? %éef 1gn%9sa£n]%u‘%? p%%?e%gggnd
pgiﬂi“r‘i‘?ﬁ'?a“m Fererponifgregy Ehengefle weg| igitiall pupdién shapm whengseeded.

t A@erch fhg daybHie B R&@S SlofigiteGn Hapd, B Ve £ 158 Be MWBSes shown
| a was | oaded.

f ast.er en raer n of t he. drug

ngrt. 7 e b e i toR giper o) apien D i 1o ceitedhy
t frd gnivgiwell on/¥B: %ﬂﬁdl : kﬂlétéﬂa? &Jhaﬁ'{dsﬁgﬂ&ﬂﬂ/ thi Gdffates ;ahlat_ the sample
r e j ue, to t greater swelling
a@%@?"%&r{a‘?’&?ﬁ‘éﬁ%‘&% e et i ceff gonih 0 TS 17 gh

pﬁr'iity. [0069] To test the bioconpatibility of the

s Hg lo e foalirs, beppfinindmi eSS the@arsens invoiion neteapresly
Oietib@dBoR| @nIMRURBEbE f&h 18s RELHREN Ohd 4 cg‘ﬁyiﬁgsaﬁyjthose
ciﬁk_gﬁﬁglferatlon and differentiation were

no |? ™ The cell's were initially round in shape
when seeded. After a few days the cells were el ongate
i [§0%H o p Althepgh ealy elyempane prabodimentstoé tiinmyragosivnbeen idescribed
MB&ve, thése cRNedia ke TR Wik %dlﬁ;hglg%tgetﬁée glgt JE%WGMS are possible

indi.cating that the cells
ereln without materially departing from the novel teachings and advantages of this

invention. For example, a drug other than an ophthalmic drug can be incorporated in the
polymer. Other medicinal or therapeutic drugs can be incorporated in a polymer formed
in accordance with the invention for controlled release. The polymer may be formed into
a comresponding de_si‘red shape and size snitable for delivery of such other drugs. Further,
a drug may be loaded after the polymer is formed. For example, the pores of the polymer
may be filled or purged with a liquid containing a desired drug after the polymer is
formed. In. some applications, such as when a slow release rate is desirable or Whére
- necessifated by the natures of various components of the polymer, the drug may be
encapsulated in particles before being dispersed in the polymer, wherein the dmg can
migrate or diffuse through the walls of the particles and thus be released from the
polymer. Nanoencapsulation of drugs are known, for example as described in U.8. Patent
Application Publication 2004-0096477 (May 20, 2004), which is fully incorporated by -




and grew wel|l on the sanple material substrates, which
inturn indicates that the sanple materials are
conpatible with the cells and cell growth. [0070]
O her features, benefits and advantages of the present

WORE#ER not expressly nmentioned above caBRCHEG2004/000237

understood fromthis description and the draw ngs by
those skilled in the art. [0071] Al though only

exenpl ary enbodi nents of this invention have been
descri bed above, those skilled in the art wll

readi ly appreciate that nmany nodifications are
possible therein without materially departing from
the novel teachings and adv&ntages of this invention.
For exanple, a drug other than an ophthal mc drug can
befeiemedewir at ed in the polymer. O her nedicinal. or

~therapeutic drugs can be incorporated in a pol yner
foommd  ThinR6eieh, A0 Eis Mtédled ReencaMRBY ADfcK Bbdification within

control | rel ease., The polynmer may be forned into a
dﬁﬁ?@%ﬁﬁﬁ%@ﬁé”’ %g?ﬁﬁ shape and size suitable for
delivery of such other drugs. Further, a drug may be
| oaded after the polynmer is forned. For exanple, the
pores of the polynmer nmay be filled or purged with a
liguid containing a desired drug after the polynmer is
formed. In. sone applications, such as when a sl ow
rel ease rate is desirable or where necessitated by
the natures of various conponents of the polyner, the
drug may be encapsulated in particles before being
di spersed in the polynmer, wherein the drug can
mgrate or diffuse through the walls of the particles
and thus be released fromthe polyner. '
Nanoencapsul ati on of drugs are known, for exanple as

. described in U S. Patent Application Publication

2004- 0096477 (May 20, 2004). which is fully

- incorporated by WD 2006/ 014138 PCT/ SG2004/ 000237 ' .

19 reference herein. [0072] The invention, rather, is
intended to enconpass all such nodification wthin
its scope, as defined by the clainms. WO 2006/ 014138
FCT/ S&004/ 000237 20 ) '




What is clainmed is: 1. A nmethod of form ng a pol yner,
conprising: polynerizing a bicontinuous mcro enul sion
conprising water, a nononmer, and a surfactant
copol yneri zable with said nononer, to forma porous
WEDI09e#138 onpri sing a pol yner matrix defi ni RGI/SG2004/4006237
i nterconnected pores filled by said water, wherein
said mcroenul sion further conprises a drug such
that, when said porous polymer is forned, said drug
i.s dispersed in one or both of said polyner matrix and
said pores and is releasable therefromwhen said
porous polyner is in contact with a liquid. 2. The
met hod of claim1l, wherein 3mid drug is an ophthalmc
drug. 3. The nmethod of claim1l or claim?2, wherein
sai d pores have a pore dianeter of about 10 to about
180 afmclaimediifie net hod of any one of claims 1 to 3,
wherein the proportion of said water is from about
159 t ¢* BEBA oL EBOETE Y PRRAREh EOmIREINgT opor ti on of sai d
mononer is fromabout 5% to about 40% by wei ght and
t he pPeBFHsiRg Weontmiow Bigropmelsian porhpsisig giren bormonersnde
akefétar® Q8o YneRib R RFith sBid mldR8mEE By Q}Kpm_%ﬁy pd@er Qmprising a
clainse 1 to 4, wherein said mcroenulsion further =
CRITF B, e FHRFRBS Ao oo, it o oRpic et P said
winizfoeintlsioh GrbérQBmpdisenk g ssch EEDMAen faid fét6usPatyRRMis Frmed,

an ne.of. clains 1 t . erei,n said.m croepul sion, .
P B0F = bl B o hoth b Red ot il it S50 pures S
rieleiraide Gifrefrbm whensaidwhensepolyneaisdn palagnmeith @ligfnidon
initiator is a photo-initiator. 9. The nethod of

_ c3.ai nirB: métirdenf dlaiihie whérein Geid ting isah @phth-SmiMRA. WO
2006/-014138 PCT/ SG2004/ 000237 21 10. The nethod of
d. al mph m%ﬁfﬁ*cﬂmﬁéy & cRgh ¥ ehdréih Ra ﬁév%%j{ore diameter of

%égiectlng said mcroenulsion to uftravio

3307t &P fohout 140 2o¥he et hod of any one of clains 1 to
10, wherein said nononer is ethylenically

4, The method of any one of claims 1 to 3, wherein the proportion of said water is

ﬁ:om about 15% to about 50% by weight, the proportion of said monomer is from about
5% to about 40% by weight, and the proportion of said surfactant is from about 10% to
about 50% by weight.

5. The method of any one of claims 1 to 4, wherein said microemulsion ﬁl:ther

comptises a cross-linker,
6. The method of claim 5 wherein the cross-linker is EGDMA.

7. The method of any onc of claims 1 to 6, wherein said microemulsion further
cotnprises a polymerization initiator.

8. The method of claim 7, wherein said polymerization initiator is a photo-initiator.

9. Themethod of claim 8 wherein the photo-initiator is DMPA..




unsaturated. 12. , The nethod of claim 11, wherein
said nonomer is nmethyl nethacrylate (MVA),

2- hydroxyet hyl methacrylate (HEMA), or a conbination
of MVA and | 1EMA. 13. The nethod of any one of clains
WO 20¢/938 wherei n said surfactant is a non-i BETEG2004/000237

surfactant. 14. The nethod of any one of clains 1 to
13, wherein said surfactant is a poly(ethylene

oxi de) - macronononer. 15. The nethod of claim 14
wherein the surfactant is Cl-PEO Cl1- MA-40. 16. A

pol ynmer formed in accordance with the nethod of any
one of clainms 1 to 15. 17. A polyner conprising: a
pol ymer matrix defining intgrconnected pores

di stri buted throughout said polynmer; and a drug
hspetsed . or.bath.of .said polymer matri x and
g g‘rd %%r lggt?&sgfl](gmﬁlr%gw BEt ﬁadg rpgﬁd CMPHIF SPRIBTRoUSEA
Suipraenndiignte plegoletradigivhact with a liquid. 18. The -

pol ynmer of claim 17, wherein said pores have a pore
di.aneli@metiod 3pitond in 507 A
of claim 17 or&g’lt ai %%gmaﬁgﬂlvﬁgg%@?d érgo %&m%;ig%%qédgﬁy

mc drug. 20. A drug delivery device
conpri sing WO 2006/ 014138 PCT/ S&004/ 000237 22 a

12.an ¥ nethod afelaipoll pwbergin Isgidﬁfog@iﬁfr sty infRthas-Gion raﬁ%ﬁ@ﬂ
: t ; nd 1t :
B S e A MR (R Cor et ERR 0. O

gsoht I m&l grgagwi s rel easable fromsaid drug delivery
avi c&° WA oy gngpLideite Lite d2.ywherels seid sgaciant is @rmoadanic
sirbdtarg, |4 qui d. 21, The drug delivery device of claim
20, which is a contact lens or an artificial cornea.

2. The udd selive bce. 0 aim 20 ar claim 21,
wher éin sald pords %sg%éh%so}e{o f.J,, wherein said su:fg‘ctant is a
. poly(ethylene oxide)-macromonomer.

15.  The method of claim 14 wherein the surfactant is C1-PEO-C;1-MA-40.
16. A polymer formed in accordance with the method of aﬁy one of claims 1 to 15.

17. A polyi‘ner comprising:

a polymer matrix defining interconnected pores distributed throughout said
polymer; and

a drug dispersed in one or botls of said polymer matrix and said pores, said drug

being releasable therefrom when said polymer is in contact with 2 liquid.

18.  The polymer of claim 17, whetein said pores have a pore diameter of about 10 to
about 100 nm.

19.  The polymer of claim 17 or claim 18, wherein said drug is an ophthalmic drug.

20. Admg &elivery device comprising:



di ameter of about 10 to about 100 nm 23. A nethod of
delivering an ophthal m c drug, conprising: |oading
said ophthalmc drug in an ophthal ni c device
conprising a transparent and porous polyner, said
Vﬂ%g&ﬁﬁﬁﬁﬁefining i nt erconnect ed pores, sai dPEBREHEHPA0RST
drug dispersed in one or both of said polyner and said
pores, wherein said ophthalmc drug is rel easabl e
fromsaid ophthal m c device when said ophthal mc
device is in contact wwth a liquid, 24. The nethod of
claim 23, wherein said ophthalmc device is a contact
lens or an artificial cones.

22

a fransparent and porous polymer defining interconnected pores; and
an ophthalmic drug dispersed in one or both of said polymer and said pores,

wherein said ophthalmic drug is releasable from said drug delivery device when
said drug delivery device is in contact with a liquid.

21.  The dmug delivery device of claim 20, which is a contact lens or an artificial

»
comesa.

22.  The drug delivery device of claim 20 or claim 21, wherein said pores have a pore

diameter of apout 10 to about 100 nm.

23. A method of delivering an ophthalmic drug, comprising:

Joading said ophthalmic drug in an ophthalmic device comprising a transparent
and porous polymer, said polymer defining interconnected pores, said ophthalmic
drug dispersed in one or both of said polymer and said pores, wherein said
ophthalmic drug is releasable from said ophthalmic device when said ophthalmic -

device is in contact w1th a liquid.

24.  The method of claim 23, wherein said ophthalmic. device is a contact lens or an

artificial cornea.




