POLYMER HAVI NG | NTERCONNECTED PORES FOR DRUG DELI VERY
AND METHOD FI ELD OF THE | NVENTI ON [ 0001] The present

WO pwefi4168 rel ates to drug delivery, polyners POT/SGIag000237
delivery, and rel ated nmet hods. BACKGROUND OF THE
I NVENTI ON [ 0002] Currently, nost eye nedications or
ophthal mc drags are applied directly to the eye in
the form of drops. However, there are drawbacks
associated with using eye drops to deliver
medi cati ons. Typically, about 95% of the nedication
applied is lost after application. Eye drops applied

topically mi i r [ L in.jnto the
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bl oodstream and ot her organs mhere t he drugs can
cause side eff@@?s'?RﬁEFd?ﬁ DAERY ANQ METHORase rate of
the drag declines rapidly following an initial high
rate |V|n8 rise to inconsistent dosage. [0003]
REINYENIIONeen used as a vehicle for
dellverlng ophthal m ¢ drags. Cne of the conventiona

aches is t.o sqak the I s in t dr ion
(7T o e miesept inYeREOT eialesdo TR 8RB 8&&6@3& dsfbé’a{f‘ttl%w and
f&y&d@gmkﬂgt | enses may be solid or may have a cavity

for receiving the drag solution. This approach
produces unsatisfactory results because the drag

%iﬁﬁ? yover tine. [0004] Another
IE‘ggroac ﬁﬁkﬁ?ﬂhas een gggcrlbed is to encapsul ate an
ophthal mc drag in nanoparticles dispersed in the
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the drag diffluses into and migrates throug he
tb@ eyt the dorm efndropsElywiekes, ietetare drmybaeksrassoriated Wlth using eye

&318%@}4 QElivet erﬁlcﬁﬂ)ﬂg Z@Eﬁal@%b&ﬁ ES‘%' ot g ANRaGkES appTQ@IS lost after

acturing proc es for t ki nd of contact
dppheation.i Byecironssapplie fopicalit wix witle teprsuwhich dhenshe defo the nasal

&ng Qlﬁﬂ ﬁJBr% there, enter into the bloodstream and other organs, where the drugs can
cause side effects. Additionally, the release rate of the drug declines rapidly following an

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 to soak the lenses in the drug solution and then
insert the lenses into the eyes of a patient. The contact lenses may be solid or may have 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 in 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



conpl ex and expensive. The anmount of drug that can be

encapsul ated is small. Theencapsul ated drug may affect
wo b@storasspar ency of the resulting contact | enBCEHRG2004/000237

is also difficult to control the release rate. SUMVARY

OF THE | NVENTI ON [ 0005] A transparent and porous

pol ynmer having interconnected pores is provided for

drug delivery. The pores nmay be filled with a liquid

'such as water. The drug is dispersed in the pol ynmer

and is rel easable when the polymer is in contact with

a liquid. Due to the intercoEnection of the pores, the

drug nay be released at a refatively steady rate. The

rate of drug release is al so dependent on the .
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barsnes bhitetine Yot RERD to achieve a desired rate of

rel ease. [0006] Therefore, an aspect of the invention

provides a nethod of form ng a pol yner conprising
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formed, said drug is dispersed in one or both of said polymer matrix and said pores and is

releasable therefrom when said porous polymer is in contact with a liquid. The drug can

be an ophthalmic drug. The pores may have a pore diameter of about 10 to about 100 nm.

[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 drug may
be an ophthalmic drug.



pore di anmeter of about 10 to about 100 nm and may be
filled with water. The drug may be an ophthal mc

waeleag/oj4899] I n anot her aspect of the inventi oPCT/BGE0&000237
is provided a drug delivery device conprising a
transparent and porous pol ynmer defining interconnected
pores; and an ophthal m c drug di spersed in one or both
of the polymer and the pores, wherein the ophthal mc
drug is releasable fromthe device when the device is
in contact wwth a liquid. The drug delivery device nmay
be a contact lens or an artificial cornea. The pores
may have a pore diameter of &bout 10 to about 100 nm
and may be filled with water. [001 O] In another

t of the inventjion, there is provided a nethod of
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transparent and porous ymer, pol ymer defining
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bl s AR i DVSHMAL RS ol dHoid Lbfnes? Shovs a
sca ning e ectron m croscopi ¢ | hage of " an exenpl ary
éper of the invention; 50015] FIG 3 is a schematic

anPiber gpestnndisatres of the Rreigpieingentian (571l daednrp apperent to
those of ordinary skill in the art upon review of the following description of specific

embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] In the figures, which illustrate exemplary embodiments of the invention,

[0013] FIG. 1 is a schematic diagram illustrating 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

microemulsion;



m croemul sion;[0016] FIG 4 is a graph show ng the

results of percentage wei ght content neasurenents of
wex@apl4asy pol yners; [0017] FIGS. 5 and 6 are PCTI®G2004/000237

graphs show ng the drug rel ease rates of exenplary

polymers; and [001 8] FIGS. 7A and 7B show i nages of

human fi broblast cells grown on exenplary pol yners.

DETAI LED DESCRI PTI ON OF EXEMPLARY EMBODI MENTS [ 0019]

Referring to Fig. 1, an exenplary enbodi nent of the

invention is a contact |lens 10 nade of a transparent

and porous polyner 12 having an ophthal mc drug 14

i ncorporated therein. Wien tHe contact lens 10 is put

on the eye, a surface 16 of the contact lens 10 is in

ct with the post-lens tear filmand the )
g’ﬁﬁi %al G- ot g af)srfrp& shovang dbe e tdepeenniage  Weishis content
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[0020] As used heréin, the term"transparent” broadly

i b the degree of transparency that is
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eopaRteaidie degree of transm ssion of visible Iight
t hrough the pol ymer equivalent to that of other
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M croscopic inage of the internal structure of an
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i WA I t th I, O

SR 5 AT D B
@gatporatrdutherniat Wirek she ddngacp tamed0 2518 gmgdin tjrﬁ dyt,| zt @tdfa\gl;] tl\flim o the
fluid,24 h t : .
Eiti? 6% SOED PtV iiaedt s o Haban o BRuERm R 14 i

Tddemsed from the contact lens 10 into the post-lens tear film at a desirable rate.

[0020] As used herein, the term “transparent” broadly describes the degree of
transparency that is acceptable for a contact lens or like devices, for example the degree
of transmission of visible light through the polymer equivalent to that of other materials

employed in the manufacture of contact lenses or other ophthalmic 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). Pores are interconnected when at least
some of them are joined or linked with each other to form one or more continuous

networks. The pores 22 can be filled with a fluid 24 such as water or air.

[0022] The pores shown in Fig. 2 have a pore diameter of about 30 to 80 nm. The

pores 22 may have round or other cross-sectional shapes and may have different sizes. As



pores 22 may have round or other cross-sectiona
shapes and nay have different sizes. Asused herein, a
w@oroe/0tilasret er refers to the average or effectP@ESG2004/000237
di anmeter of the crosssections of the pores. The
effective dianeter of a cross-section that is not
circular equals the dianeter of a circular
cross-section that has the sane cross-sectional area
‘as that of the non-circular cross-section. In sone
enbodi nents, such as when the polyner is swellable
.when the pores are filled with water, the sizes of the
pores may change depending on the water content in the
pol ymer.. \Wen the pol is dried, sone or  all of the
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Ma&&?{oﬁg both. The ophthalmic drug 14 is releasable from the polymer 12 when it is
in contact with a liquid such as a post-lens tear film. The ophthalmic drug 14 may diffuse
through the liquid in the interconnected pores 22 from an inner region 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 ophthalmic drug 14 may also enter the liquid in
the pores 22 after migrating or diffusing through the polymer matrix 20.

f0025] The 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 pores 22 and the properties of

the liquid in the pores 22. Thus, the polymer 12 can be conveniently used to deliver an



[0025] The rel ease of the ophthalmc drug 14 is
facilitated by the interconnected pores 22 and the

WO @aiots1B t he pores. The drug rel ease rate caPCh®G2004/000237
controlled in part by altering the size and the degree
of interconnection of the pores 22 and the properties
of the liquid in the pores 22. Thus, the polyner 12
can be conveniently used to deliver anophthal mc drag
in a controlled manner. [0026] The ophthal m c drag 14
I's capable of travelling or mgrating wwthin the
pol ynmer 12 such as by diffusion. In general, the drag
mol ecul es or particles nove ifn random di rect i ons but
when there is a concentration gradient, there is a net
faphthakstic dre ing epptebédsouines or particles fromthe high
concentration region to the | ow concentration region.
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pores, or when there are more interconnected pores. While a larger pore diameter may

provide faster release initially, a smaller pore diameter with increased length of
interconnected pores can provide 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 drug is initially located in the polymer matrix 20, the rate may be slower. When
the drug is initially located in the fluid 24, the rate may be higher. Thus, the drug delivery
rate may be controlled by controlling the pore structure and the manner in which the drug

is incorporated in the polymer 10.

[0029] The polymer 10 may be prepared by polymerizing a bicontinuous

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



Wien the drag is initially located in the polymer
matrix 20, the rate may be slower. Wen the drag is

WO piobioad1BY | ocated in the fluid 24, the rate negI/B62004/000237
hi gher. Thus, the drag delivery rate may be controlled
by controlling the pore structure and the manner in
whi ch the drag is incorporated in the polymer 10.
[ 0029] The polymer 10 nay be prepared by pol yneri zi ng
a bi continuous m croemnul sion of one or nore
copol yneri zabl e nononers, one or nore
surfactantscopol yneri zable with at | east one of the
monomers, and water, such that the resulting pol ymer
has jnterconnected pores filled with water. An _ .
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pol ynmerization initiator or a cross-1in _
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[0031]  Depending on the proportions of various components and the hydrophile-
lipophile value of the surfactant, the droplets can be swollen with oil and dispersed in
water (refetred to as normal or O/W microemulsion), or swollen with water but dispersed
in oil (referred to as inverse or W/O microemulsion), or the microemulsion can be

bicontinuous.

[0032] 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



water (referred to as normal or O Wm croenul sion), or
swollen with water but dispersed in oil (referred to
w@goosovasse or WO microemnul sion), or the m crPensGHI0@N00237
can be bicontinuous. [0032] A biocontinous
m croenulsion is formed to prepare the polynmer 20. An
exenpl ary structure of a bicontinuous m croenul sion 30
is illustrated in Fig. 3, wherein oil donains 32
‘(containing the nononmers) and aqueous donmai ns 34
(containing water) are randomy distributed and
respectively interconnected, extending in all three
di mensi ons. Wen the oil dormBins 32 are pol ymeri zed,
the presence of the aqueous domains 34 results in
atconcdmstddd pores filled with the water that was
present in theaqueous donmai ns 34. [0033] The nononers
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$1BhdAp- tymnmbnsmlersc&nmblbycpmbmtmsmf ﬂiese&bnbﬁbisean also be used.
conbi nati ons of these nononers can al so be used.
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Eoﬁ%é}?ttﬁé‘ré 1sS nS§ ogeedy%ersleﬁzfi‘ra e teos&rPa%tant from the polymer after
polymerization. This can be advantageous as the polymer formation process is simplified.
The surfactant can be anionic, non-ionic or zwitterionic. Exemplary surfactants include
poly(ethylene oxide)-macromonomer (PEO- macromonomer), such as @-methoxy
poly(ethylene oxide)s undecyl o-methacrylate macromonomer denoted herein as Ci-
PEO-Cy;-MA-40. The chain length of the macromonomer can be varied. For example,
the macromonomer may be in the form of CH3;0(CH,CH,O),~(CH;),V, or may be
zwitterionic surfactants such as SOs;’(CHp), NCHCHCHN(CH,),V, where m is an
integer ranging from 1 to 20, n is an integer ranging from 6 to 20, x is an integer ranging

from 10 to 110, and V is (methyl)acrylate or another copolymerisable unsaturated group.

[0035] The choice and weight ratio of the particular monomer and surfactant for a

given application may depend on the application. Generally, they should be chosen such



pol yner, there is no need to separate the surfactant

fromthe polyner after polynerization. This can be
wa@odoati4ageous as the pol ynmer formation processPCESG2004/000237

sinmplified. The surfactant can be anionic, non-ionic

or zwitterionic. Exenplary surfactants include

pol y(et hyl ene oxi de) - macr onononer (PEG nmacronononer),

such as w net hoxy pol y(ethyl ene oxi de) 40 undecyl

‘oc- et hacryl at e macr onononer denoted herein as G -

PEO- CH MA-40. The chain | ength of the macronononer can

be varied. For exanple, the macronononer may be in the

formof CH O CH2CH20) x- (CH2) PV, or mmy be zwitterionic

surfactants such as S8 (CH2) m +NCHCHCHN( CH2) nV, where
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person skilled in the art will be able to adjust the proportions according to the diagram in

order to achieve a certain desirable property in the resulting polymer. Further, the
formation of a bicontinous microemulsion can be confirmed using techniques known to
persons skilled in the art. For example, the conductivity of the mixture may increase
substantially when the microemulsion is bicontinuous. The conductivity of the mixture
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 proportions of the
eomponents are respectively 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 combine different monomers and surfactants in different ratios to achieve the



suitable for formng a bicontinuous m croenul sion, a

ternary phase diagram for the nononmer, water and the
waobactiant may be prepared. The regi on on t hePdi/aGramn00237

correspondi ng to singl e-phase m croenul sion may be

identified and the proportions of the conponents may

be so chosen such that they fall within the identified

region. A person skilled in the art will be able to

‘adj ust the proportions according to the diagramin

order to achieve a certain desirable property in the

resulting polynmer. Further, the formation of a

bi conti nous m croenul si on caf be confirmed usi ng

t echni ques known to persons skilled in the art. For
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hydrophilic or hydrophobic, water soluble or water insoluble. A persons skilled in the art
‘will understand how different drugs will be dispersed in the microemulsion depending on

their properties such as hydrophilicity or lipophilicity.

[0041] Exemplary ophthalmic drugs include anti-glaucoma agents such as a beta
adrenergic receptor antagonist, e.g. timolol maleate, and other therapeutic agents such as
antibiotic agents, antibacterial agents, anti-inflammatory agents, anaesthetic agents, anti-
allergic agents, polypeptides and protein groups, lubricating agents, any combination or

mixture of the above, and the like.

[0042] The amount of the drug to be included can be determined based on various
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[0040] Therefore, in different enbodi ments, a drug
such as an ophthal mc drug can be incorporated into
the m croenul sion. The drug may be di spersed in the
aqueous domains or in the oil domains of the
m croemnul sion, or in both domains including at the
interface of the two domains. When the drug is
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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
particular monomers, and polymerizable surfactant used or the method of polymerization.
For example, polymerization can be achieved by subjecting the microemulsion to
altraviolet (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-initiator may also be used. Exemplary redox-initiators include ammonium

persulphate and N,N,N’,N’-tetramethylethylene diamine (TMEDA). A combination of
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resulting polyner. Experinents show that concentration

of the drug affects the polynmer's nechanica

properties. [0043] The m croenul sion may be

polymerized to forma transparent and porous polynmer

wherein the ophthalmc drug is incorporated, either in

the polynmer or the pores, or both. [0044] The

m cr oenul sion may be pol yneri zed by standard .

technlques known to a skllleHZperson For exanple, it
pol yneri zed by heat, the addition of a
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[0048]  After polymerization, the polymer may be rinsed and equilibrated with water
to remove un-reacted monomers and the drug that has not been incorporated into the
polymer. A small percentage of the drug incorporated in the polymer may be lost during
rinsing but the amount lost can be limited by controlling the duration of rinsing. Further,
the initial concentration can be adjusted accordingly so that the final concentration
provides the desired rate of release. The rinsed polymer can be optionally dried and
sterilized in 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 A
skill in the art. In some embodiments, both drying and sterilization can be effected at a
low 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
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i ncl ude et hylene glycol dinethacrylate (EGDVA),

di et hyl ene gl ycol dinethacrylate and di et hyl ene gl yco

di acrylate, and the |like. As can be understood, the
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[0053] Conveniently, the polymer according 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.

[0054] The polymer can have various desirable physical, chemical, and biochemical
properties. To illustrate, 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 principle
components of the mixtures are listed in Table 1. The weight percentages listed were

calculated based on the total weights of the listed components only.



sel ecting the appropriate nononers and their
proportional amounts. [0050] Since only one
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articles such as artificial corneas. The contact
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initiator and 0.5 to 1 wt% EGDMA was added as cross-linker, both percentages based on
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the total weight of the polymerizable groups.

[0058] The single-phase region of a microemulsion of Ci- PEO-Cy1-MA-40, HEMA,
MMA, and water was determined by titrating water to various compositions of the
microemulsion, in a screw-capped test tube. Each sample was vortex-mixed and allowed
to equilibrate in a temperature-controlled environment at 23°C. The clear-turbid points
were used to establish the phase boundary of the microemulsion region in a phase-
diagram. A rough demarcation of the bicontinuous region was further deduced from
conductivity measurements using a conductivity meter after titrating a 0.1IM sodium
chloride solution into the mixture. Tests showed that a microemulsion can be formed
when the aqueous content of the mixture is in the range of about 20 wt% to 60 wit% and
that the conductivity of the mixture increased rapidly when the aqueous content increased

from below about 20 wt% to above about 20 wt%. It is believed that the sharp increase in
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vortex-m xi ng, respectively for each sanple. [0057]
Further, various anmounts of tinolol maleate were
added. For sanples ending in "TlIO', "T20" or "T30",
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malea’ce and etc. The sample matenal was Washed successwely with deionized distilled

water at temperatures between the room temperature to about 60°C for one to two hours.
At the end of washing, no substantial amount of un-reacted monomers and timolol was
present in the sample material, as confirmed by the absence of UV absorption bands

between 190 and 350 nm in the washing solution.

[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 results of swelling measurements carried out at 37°C in phosphate
_buffer solutions and lacrimal fluid (0.9% NacCl) are shown in Fig. 4. Q was calculated as

follows:

O=(Ws—W3)x100/Ws, )



The precursor for a sanple was placed between two
gl ass plates or in a polynethacrylate nold. The pl ates
wo@eooaol4d3tv t h the precursor was then placed i NnPEI/SG2004/000237

Rayonet (tm) phot oreact or chanber and was subjected to

UV-radi ation (254 nm at about 350C to effect

pol yneri zati on for about two hours. [0060] After

pol ymeri zation, the |liquid m croenul sion transfornmed

‘into a solid polynmer having interconnected pores

filled wwth the water initially present in the

m croenul sion. No undesirabl e side products were

observed after polynerizatidﬁ. [0061] The pol yneri zed

sanple material, after being renoved fromthe plates
was mashed to reane unpol yner.i zed res
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Table2  Glass Transition Temperature

Sample Tg (°C)
Polymer-20-T10 104
Polymer-30-T10 102
Polymer-40-T10 100
Polymer-20-T20 108
Polymer-20-T30 112
Polymer-20 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



the functional groups of the nononers at higher pH
(~7), which increases the electrostatic repul sion
wheisoeri3g he negatively charged ions, thus expRembsa)04/000237
the i nterconnected porous network. The high swelling
is also likely due to high porosity”?in the sanple
material, as it has been observed that polyner systens
wi th high water content have high porosity. [0064] The
glass transition tenperatures (Tg) of the sanple
materials were determ ned by scanning cal ori neter
characterization. 5-10 ng of each sanple was sealed in
an al um num pan. The sealedlganple was heated from
roonlten%erature to about 2000C, cool ed to about 00C,
SAbehed That ed again up to about 2000C, at a rate of
10C¢/ m n under nitrogen. The results are sunmarized in
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seen, the glass transition tenperature
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The fil'ler (drug) retards the chain he
Psteyprsmaa Whie Naressiag ithicempeiae frogm 250 th §¥°C atHeC/nrun The
feoiRard INGdRRITYSES. content, the |ower the Tg (e.g.
conpari ng Pol ynmer-40-T10 MAthPonner 20-T10). [0066]
The dynano-nmechani cal properties of the sanple

materi al s were eVabladt eMeghandgd Charagtegi@ativn The
tenperature dependence of the elastic (G ) and viscous
nodul i Se@ble of the sanGl Mpmterial $ were G8@dpged fr ol
an|anqul ar freQJéﬁGV of 1 808d/s by|2&&suri ng §df€se
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[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.

[0068] 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 intervals 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 many 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 amount

of the drug was loaded. Again, without being limited to a particularly theory, the higher



by person skilled in the art, these G and G' val ues
were suitable for contact | enses because a proper
whaloanca3onf confort and visual perfornmance canP@ESG2004/000237

achi eved. [0068] The release rate of tinolol fromthe

| oaded sanple materials were neasured at 370C in a

phosphate buffer (pH 7.4) solution and a 0. 9% NaCl

solution (pH 5.5) respectively. The solutions were

sanpl ed at regular intervals and the sanple sol utions

wer e nmeasur ed spectrophotonetrically. The results are

shown in Figs. 5 and 6. As can be seen, the rel ease

rate is relatively steady ové many hours. The rates
Pended on the solution nedium the type and anount
oelepisi Tgirdt il danto the arester swelbing abiity ofrfe polgmenmateriy and its

cﬁ%ﬁpﬁmﬂzug The rel ease rate of tinolol naleate was

faster en a | arger amount of the drug was | oaded.
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porosity. [0069] To test the bioconpatibi
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cell proliferation and fferentiiation were nonito

Th&igsel A domBolgmpi?Q)jang |7§3 (0B Rabymer 3 sicating: Hrak e ¢elts. adhered
Al %fewawélla% ’Eﬂl@é {)l@ Enefilal §1b‘é\@2[t% Fhih 9{?&1%1 inﬁm%\t!@%ﬂﬁt th@Sample

can be seen fromthe images shown in Fig
P@ﬁ?ﬁbﬁ“?@?ﬁaﬁﬂﬂYBhG@ﬁwﬁﬁwyhﬁﬂgBUWh |nd|cat|ng t hat
the cells adhered and grew well on the sanple nateri al
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naterlals are conpatlble with the cel
drestipned qbove7eqn by Hedersteody fipra dhis esreiptions aredqﬂile ah{wngSa@eéhose

Qkitdhg ¢ ge8ent i nventi on not expressly nentioned above
can be understood fromthis description and the
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ererus (\;KI’I'[%E)I% é?tgﬁalgzage%arrﬁg Irolnf ?f}el I?OQI\ZI %gﬁm%gsaih badvantages 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 corresponding desired shape and size suitable 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 where
necessitated by the natures of various components of the polymer, the drug may be
encapsulated in particles before being dispersed in the polymer, wherein the drug 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.S. Patent
Application Publication 2004-0096477 (May 20, 2004), which is fully incorporated by



therein without materially departing fromthe novel
t eachi ngs and advantages of this invention. For
wex@apl4d3s a drag ot her than an opht hal m ¢ dr ugpCBERGH®4/000237
incorporated in the polynmer. Oher nedicinal or
t herapeutic drags can be incorporated in a polymer
formed in accordance with the invention for controlled
rel ease. The polynmer may be forned into a
correspondi ng desired shape and size suitable for
delivery of such other drags. Further, a drag may be
| oaded after the polyner is Porned. For exanpl e, the
pores of the polynmer may be filled or purged with a
liquid containing a desired drag after the polyner is
fedeiPRea bW sonme appl i cations, such as when a sl ow
release rate is desirable or where necessitated by the
[0072Y es Thé invaritionlimttenrip onewded toodncoipasp oll ynar modifieatign agthin
may be en%apgglg}egiin particl es before being
H?éﬁ@?@%@eFﬁ hECSEVher, wherein the drag can nigrate
or diffuse through the walls of the particles and thus
be rel eased fromthe pol yner. Nanoencapsul ati on of
drugs are known, for exanple as described in U S
Pat ent Application Publication 2004-0096477 (My 20,
2004), which is fully incorporated byreference herein.
[0072] The invention, rather, is intended to enconpass
all such nodification within its scope, as defined by
the clains. What is clainmed is: 1. A nethod of formng
a pol ynmer, conprising: polynerizing a bicontinuous
m croemul si on conprising water, a nononer, and a
surfactant copol ynerizable with said nononer, to form
a porous polynmer conprising a polynmer matrix defining
i nterconnected pores filled by said water, wherein
said mcroemrmul sion further conprises a drag such that,
when said porous polynmer is fornme.d, said drug is
di spersed in one or both of said polymer matrix and
said pores and is rel easabl e therefrom when said
porous polyner is in contact with a liquid. 2. The
met hod of claim1l, wherein said drag is an ophthalmc
dr ag.



3. The nethod of claiml1 or claim2, wherein said

pores have a pore di aneter of about 10 to about 100
wor064141Fhe nmet hod of any one of clains 1 to 3PCTREI®#/N0237

the proportion of said water is from about 15%to

about 50% by wei ght, the proportion of said nononer is

from about 5% to about 40% by wei ght, and the

proportion of said surfactant is fromabout 10%to

about 50% by weight. 5. The nethod of any one of

claims 1 to 4, wherein said mcroenul sion further

conprises a cross-linker. 6._The nethod of claimb5

wherein the cross-linker is B5DMA. 7. The method of

any one of clainms 1 to 6, wherein said mcroenul sion

ﬁ@@“heq cqunises a polynerization initiator. 8. The

AJGBME S m 7, wherein said pol yneri zati on

initiagtor. i hoto-initiator..9. The nethod of claim

& whe drreFe TRRHEE S PR P BNPA. 10, The met hod

of claim9, wherein said polynerizing conprises
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e e if digpppsedrie avf of [bathnel said polymer whseml sad ghores and is

i i i ; . hod
ggsafs@&é Blefbs heli9lla bg&e{lsgpowérgagﬁér%g@amwh dﬁlsgﬁlr ret ho

any one of al ns n sa act ant
LS a pol % H&%I ne ox'd%é- ronononer. . 15. The net hod
& clgli%n% o4 il VRS PR dgdnth g WIHERECH- MA- 40.
3. The method of claim 1 or claim 2, wherein said pores have a pore diameter of

about 10 to about 100 nm.

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

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

7. The method of any one of claims 1 to 6, wherein said microemulsion further

comprises a polymerization initiator.

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

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



16. A polymer formed in accordance with the nethod of
any one of clains 1 to 15. 17. A polyner conprising: a
w@odogoeri3smat ri x defini ng i nterconnected pores PCT/SG2004/000237

di stri buted throughout said polyner; and a drug

di spersed in one or both of said polymer matrix and
sai d pores, said drug being rel easabl e therefrom when
said polymer is in contact with a liquid. 18. The

pol ymer of claim 17, wherein said pores have a pore
di ameter of about 10 to about 100 nm 19. The pol yner
of claim17 or claim 18, wherein said drug is an

opht hal m ¢ drug. 20. A drug:HeIivery devi ce
conprising:a transparent and porous pol ymer defining

ot er CRNReGbE Of RRIAS), vwHeekiRRai@ M3 i}lﬂ&lrlﬁ?ng Bhipds A S%Qﬁétr%%dsald

in one or both of sajd pol ynmer and sai d pores, where
QigrorngHeHR T 1ok iReliatieny e easabl e from sai d drug
delivery device when said drug delivery device is in

thnt arie néthddl 6f ahl Gbé 6F cldhs 116900k kGeifl 8did ¥RhYmEGY bﬂ:@leﬂlt:ally
claim 20, which is a contact lens or an artificial

CYPHELED- 22, The drug delivery device of claim 20 or
claim 21, wherein said pores have a pore dianeter of
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t ransparent and por ous pol yner, said polynmer defining
It erlhe mugigtdad appoasof daind lophhahéertia sdidagriaitsp el $86h-ionic
muﬁcan or both of said polyner and said pores, wherein
sa Ophthalmic drag is rel easabl e from said

ophthaln1c devi ce when said ophthalmc device is in

Kont dde method f| angquomk. of claims 1 to 13, wherein said surfactant is a

poly(ethylene oxide)-macromonomer.
15. The method of claim 14 wherein the surfactant is C;-PEO-Cy;-MA-40.
16. A polymer formed in accordance with the method of ahy one of claims 1 to 15.

17. A polymer comprising:

a polymer matrix defining interconnected pores distributed throughout said

polymer; and

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

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

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

about 100 nm.
I9.  The polymer of claim 17 or claim 18, wherein said drug is an ophthalmic drug.

20.  Adrug delivery device comprising:



24. The method of claim23, wherein said ophthalmc
device is a contact lens or an artificial cornea.
WO 2006/014138 PCT/SG2004/000237

22

a transparent 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 drug delivery device of claim 20, which is a contact lens or an artificial
cornea.
22.  The drug delivery device of claim 20 or claim 21, wherein said pores have a pore

diameter of about 10 to about 100 nm.

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

loading 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 with a liquid.

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

artificial cornea.



