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first polymer network. The telechelic macromonomer preferably has a molecular weight of between about 575 Da and about 20,000
Da. Mixtures of molecular weights may also be used. In a preferred embodiment, the hydrophilic telechelic macromonomer is

&) PEG-diacrylate or PEG-dimethacrylate and the hydrophilic monomer is an acrylic-based monomer. The material is designed to

O serve as a contact lens.
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INTERPENETRATING POLYMER NETWORK HYDROGEL

CONTACT LENSES

FIELD OF THE INVENTION

The present invention relates generally to vision correction. More particularly, the present

invention relates to an interpenetrating network hydrogel useful as a contact lens material.

BACKGROUND

Current contact lenses have several disadvantages, including contact lens intolerance, immune
reactions to the contact lenses themselves or to the protein bound to the lenses, and infections
associated with contact lens use. To overcome these disadvantages, an ideal contact lens would
have high water content, oxygen permeability, mechanical strength and resistance to protein
adsorption. However, current contact lenses only have a subset of these properties. For
example, silicone-based contact lenses offer high oxygen permeability and strength, but have a
relatively high level of protein adsorption due to their hydrophobicity. Hydrophilic components
such as poly(2-hydroxyethylmethacrylate) (PHEMA), poly(methacrylic acid) (PMAA), and
poly(vinyl alcohol) (PVA) are often incorporated into contact lenses to increase water content
and wettability. However, protein adsorption continues to be a problem with contact. lenses
based on these materials. Accordingly, there is a need in the art to develop materials for contact
lenses that have high water content, oxygen permeability, mechanical strength and resistance to

protein adsorption.
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SUMMARY OF THE INVENTION

The present invention provides interpenetrating polymer network hydrogels that have high
oxygen permeability, strength, water content, and resistance to protein adsorption. The
hydrogels include two interpenetrating polymer networks. The first polymer network is based on
a hydrophilic telechelic macromonomer. The second polymer network is based on a hydrophilic
monomer. The hydrophilic monomer is polymerized and cross-linked to form the second
polymer network in the presence of the first polymer network. Preferably, the first polymer
co;ltains at least about 50% by dry weight of telechelic macromonomer, more preferably at least
about 75% by dry weight of telechelic macromonomer, and most preferably at least about 95%
by dry weight of telechelic macromonomer. The telechelic macromonomer preferably has a
molecular .weight of between about 575 Da and about 20,000 Da. Mixtures of molecular weights

may also be used.

In a preferred embodiment, the telechelic macromonomer is poly(ethylene) glycol (PEG)
diacrylate or poly(ethylene) glycol (PEG) dimethacrylate. Also preferably, the hydrophilic
monomer s acrylic acid, acrylamide, hydroxyethyl acrylamide, N-isopropylacrylamide,
methacrylic acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-hydroxyethyl methacrylate, 2-

hydroxyethyl acrylate or derivatives thereof.

In one embodiment, at least one surface of the interpenetrating polymer network hydrogel is
surface modified. Preferably, at least one surface is modified with a layer of poly(ethylene)
glycol (PEG) macromonomers, polymerized PEG macromonomers, polymerized PEG diacrylate,

or polymerized PEG dimethacrylate.
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In another embodiment, the interpenetrating polymer network hydrogel includes grafted
polymers. For example, a hydrophilic monomer may be grafted onto the first polymer network,

a telechelic macromonomer may be grafted onto the second polymer network, or both.

The interpenetrating polymer network hydrogels of the present invention have a number of
desirable properties. These properties include high tensile strength (on the order of 1 MPa), high
oxygen permeability (at least about 15 Barrers, preferably at least about 90 Barrers), high water
content (between about 70% and about 95%), and high transparency (at least about 70%). These
properties make the interpenetrating polymer network hydrogels excellent for use in ophthalmic
applications. In a preferred embodiment, the interpenetrating network hydrogel is used in a

contact lens.

BRIEF DESCRIPTION OF THE FIGURES

The present invention together with its objectives and advantages will be understood by reading

the following description in conjunction with the drawings, in which:

FIG. 1 shows synthesis of an interpenetrating polymer network hydrogel according to the
present invention.

FIG. 2 shows surface modification of an interpenetrating polymer network hydrogel

according to the present invention.

FIG.3 shows grafted interpenetrating polymer network hydrogels according to the
present invention.
FIG. 4 shows the tensile strength of a representative interpenetrating polymer network

hydrogel according to the present invention.
FIG. 5 shows relationship between tensile strength and PEG molecular weight for

interpenetrating polymer network hydrogels according to the present invention.
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FIG. 6

FIG. 7

FIG. 8

FIG. 9

FIG. 10

FIG. 11

shows relationship between stress-at-break and acrylic acid precursor
concentration for interpenetrating polymer network hydrogels according to the
present invention.

shows relationship between Young’s modulus and acrylic acid precursor
concentration for interpenetrating polymer network hydrogels according to the
present invention.

shows representative equilibrium water contents for hydrogels according to the
present invention.

shows a photograph of a hydrogel according to the present invention.

shows resistance of an interpenetrating polymer network hydrogel to collagen
type I adsorption according to the present invention as indicated by cell growth.
shows resistance of an interpenetrating polymer network hydrogel according to

the present invention to protein adsorption.

DETAILED DESCRIPTION OF THE INVENTION

Synthesis of interpenetrating network hydrogels

The present invention provides interpenetrating polymer network (IPN) hydrogels. The new

hydrogels have properties making them desirable as biomaterials for use, e.g., in ophthalmic

applications. The hydrogels are particularly well suited as a material for contact lenses.

FIG. 1 shows the steps required for synthesis of an IPN hydrogel according to the present

invention. The starting material for the hydrogel is a solution of telechelic macromonomers 110

with functional end groups 112. The telechelic macromonomers are polymerized to form a first

polymer network 120. Next, hydrophilic monomers 130 are added to the first polymer network

120. Hydrophilic monomers 130 are then polymerized and cross-linked in the presence of first
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polymer network 130 to form second polymer network 140. This results in formation of an IPN

hydrogel 150.

Any hydrophilic telechelic macromonomer may be used to form the first polymer network. Ina
preferred embodiment, polymer polyethylene glycol (PEG) macromonomers are used as the
basis of the first network. PEG is known to be biocompatible, soluble in aqueous solution, and
can be synthesized to give a wide range of molecular weights and chemical structures. The
hydroxy! end-groups of the bifunctional glycol can be modified into photo-crosslinkable acrylate
or methacrylate end-groups, converting the PEG macromonomers to PEG-diacrylate (PEG-DA)
or PEG-dimethacrylate (PEG-DMA) macromonomers. Adding a photoinitiator to a solution of
PEG-diacrylate or PEG-dimethacrylate macromonomers in water and exposing the solution to
UV light results in the crosslinking of the PEG-DA or PEG-DMA macromonomers, giving rise
to a PEG-DA or PEG-DMA hydrogel. Polymerizing and crosslinking a second network inside
the first network will give rise to the IPN structure. Preparing IPN hydrogels through free-
radical polymerization has the additional advantage that it will enable the use of molds to form
contact lenses of desired shape. The free-radical polymerization can be initiated through UV
irradiation-- in which case transparent tholds can be used-- or through other means such as
thermal-initiation in which non-transparent molds can be used. Preferably, the first polymer
network contains at least 50%, more preferably at least 75%, most preferably at least 95% of the

telechelic macromonomer by dry weight.

Any hydrophilic monomer may be used to form the second polymer network according to the
present invention. To optimize mechanical and other properties of the IPN hydrogel, a variety of
acrylic based monomers may be used, such as acrylic acid, acrylamide, hydroxyethyl acrylamide,

N-isopropylacrylamide, methacrylic acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-
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hydroxyethyl methacrylate, 2-hydroxyethyl acrylate or derivatives thereof. In a preferred

embodiment, poly(acrylic acid) (PAA) hydrogel is used as the second polymer network.

In a preferred embodiment, the IPN hydrogel is synthesized by a (two-step) sequential network
formation technique based on UV initiated free radical polymerization. A precursor solution for
the first network is made of purified PEG-DA or PEG-DMA dissolved in phosphate buffered
saline (PBS) solution with, e.g., 2,2-dimethoxy-2—phen§lacetophenone (DMPA) or 2-hydroxy-2-
methyl-propiophenone as the UV sensitive free radical initiator. In other embodiments, the
hydrogel can be synthesized by free radical polymerization initiated by other means, such as
thermal-initiation and other chemistries not involving the use of ultraviolet light. In the case of
UV polymerization, the precursor solution is cast in a transparent mold and reacted under a UV
light source at room temperature. Upon exposure, the precursor solution undergoes a free-
radical induced gelation and becomes insoluble in water. The mold is fabricated in such a way
that yields hydrogels at equilibrium swelling with dimensions typical of contact lenses: between

13.00 and 14.50 mm in diameter and center thickness ~30 microns.

To incorporate the second network, the PEG-based hydrogels are removed from the mold and
immersed in the second monomer solution, such as an aqueous solution of (10-100% v/v) acrylic
acid containing a photo-initiator and a cross-l.inker, such as about 0.1 to about 10% triethylene
glycol dimethacrylate (TEGDMA), for 24 hours at room temperature. Other cross-linkers may
be used, e.g. ethylene glycol dimethacrylate, ethylene glycol diacrylate, polyethylene glycol
dimethacrylate, or polyethylene glycol diacrylate. The swolien gel is then exposed to the UV
source and the second network is polymerized and crosslinked inside the first network to form an
IPN structure. Other monomer candidates for the second network, such as acrylic acid
derivatives, methacrylic acid and its derivatives, acrylamide, or 2-acrylamido-2-

methylpropanesulfonic acid can be also incorporated into the PEG-based hydrogel using the
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same initiator, crosslinking aéent and polymerization procedure. Preferably, the molar ratio of
the first network macromonomer to the second network monomer ranges from about 1:1 to about
1:5000. Also preferably, the weight ratio of the first network to the second network is in the
range of about 10:1 to about 1:10. All synthesized hydrogels can be stored in sterile aqueous

conditions until further use.

In one embodiment of the present invention, UV light-absorbing monomers can be incorporated

into the synthetic process by co-polymerization. In particular, a benzotriazole monomer (2-

(2’ methacryloxy-5’-methylphenyl)-benzotriazole (Polysciences, Inc., Warrigton, PA) and a
benzophenone monomer (2-hydroxy-4-acrylyloxyethoxy)-benzophenone (Cyasorb UVv-2098,

Cytec Industries, Inc., West Patterson, NJ) can be used. These have been incorporated into
(vinyl alcohol) hydrogels by Tsuk and coworkers (Tsuk et al. (1997) in a paper entitled
"ddvances in polyvinyl alcohol hydrogel keratoprostheses: protection against ultraviolet light
and fabrication by a molding process” and published in "J. Biomed. Mar. Res. 34(3):299-304").
Once the UV-absorbing monomers have been incorporated into the materials, the light-absorbing
capacity can be tested using a spectrophotometer. Finally, the refractive index of all candidate
materials can be measured using an .automated refractometer (CLR 12-70, Index Instruments,

Cambridge, UK) or manually using an Abbe refractometer.

In one embodiment of the present invention, one or both surfaces of the IPN hydrogel (or contact
lens made from the hydrogel) is surface modified, e.g. to give increased resistance to protein
adsorption. In one aspect of this embodiment, one or both surfaces is modified with a layer of
PEG macromonomers, polymerized PEG macromonomers, polymerized PEG-DA, polymerized
PEG-DMA, polymerized PEG-acrylate or polymerized PEG-methacrylate. The layer may be
bulk polymerized on the surface of the hydrogel either as an interpenetrating network or as a

network covalently anchored to the surface. Alternatively, PEG chains can be covalently
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tethered to the surface of the hydrogel by utilizing S5-azido-2-nitrobenzoic acid N-
hydroxysuccinimide ester and an amine-terminated PEG macromonomer. FIG. 2 shows a
contact lens 210 with surfaces 212 and 214. In this example, surface 212 is modified with PEG

macromonomer layer 220, although both or neither surface may be modified.

In another embodiment of the present invention, grafted polymers are used to form the IPN.
FIG. 3A shows a standard IPN according to the present invention, with first polymer network
310 and second polymer nefwork 320. FIG. 3B shows an IPN in which first polymer network is
grafted with hydrophilic monomer 330. Hydrophilic monomer 330 may be, e.g., acrylic acid,
acrylamide, hydroxyethyl acrylamide, N-isopropylacrylamide, methacrylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, 2-hydroxyethyl methacrylate, 2-hydroxyethyl aérylate or
derivatives thereof. FIG. 3C shows an IPN in which second polymer network 320 is grafted
with hydrophilic telechelic macromonomer 340. Hydrophilic telechelic macromonomer 340
may be, e.g., PEG-DA or PEG-DMA. FIG. 3D shows an IPN in which first polymer network
310 is grafted with hydrophilic monomer 330 and second polymer network 320 is grafted with
hydrophilic telechelic macromonomer 340. The grafted networks are made by polymerizing
aqueous mixtures of the two components in ratios that yield a network that is predominantly

made from one polymer but has grafted chains of the second polymer.

Properties of interpenetrating network hydrogels

Mechanical Strength

Our extensometry studies show that IPN hydrogels possess a number of important mechanical
properties that make them excellent candidates for contact lenses. We have tested IPN hydrogels
composed of PEG-DA (50% w/v in dH,O) in the preparation state of the first network and
polyacrylic acid (50% v/v in dH,O) in the preparation state of the second network. The

telechelic macromonomer PEG-DA will be referred to as simply PEG hereafter for brevity. We
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compared the strength of these IPN hydrogels to single networks of PEG or PAA, as well as
copolymers of PEG and PAA. The samples were tested on an Instron Materials Tester and
normalized for thickness as well as polymer content (based on the weight fraction of polymer in
the hydrogel). The calculated true stress per unit solid (megapascals) and strain (fraction of .
original length) data are shown in FIG. 4. FIG. 4 shows that PEG/PAA IPNs are much stronger
than either the individual polymer networks or the copolymers. The effect of IPN formation on
tensile strength is non-linear, as the maximum strength is many times higher than that of a PEG-

PAA copolymer.

The elastic moduli and tensile strength of the IPNs can be modified by changing the molecular
weight of the PEG macromonomer used. For example, a range of PEG/PAA IPNs with PEG
molecular weights from 575 Da to 20,000 Da have been synthesized. It was found that optically
clear hydrogels may be formed from any of this range of molecular weights. However, as shown
in FIG. 5, the tensile strength of the hydrogel varies depending on the MW of PEG used. FIG. S
shows results obtained using (a) PEG(3400), (b) PEG(4600), (c) PEG(8000) and (d)
PEG(14000). FIG. 5 shows that use of lower molecular weight PEG results in stronger

hydrogels.

The elastic moduli and tensile strength of the IPNs can also be modified by changing the amount
of acrylic acid used in the IPN. FIG. 6 shows stress-at-break vatues of PEG(4600)/PAA IPNs
prepared from varying acrylic acid precursor solution concentrations in the preparation state of
the second network. The strongest IPNs used 40% acrylic acid to prepare the second network.
FIG. 7 shows Young’s modulus values of PEG(4600)/PAA IPNs prepared from varying acrylic
acid precursor solution concentrations in the preparation state of the second network. In
general, the Young’s modulus increases with increasing concentrations of acrylic acid in

preparation of the second network.
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A soft contact lens with ample mechanical strength is important for enabling their daily handling,
cleaning, and storage. Hydrogels according to the present invention, as well as contact lenses
made from these hydrogels, preferably have a tensile strength on the order of 1 MPa, more

preferably at least 1 MPa, most preferably between about 1 and 5 MPa.

Oxygen Permeability

IPN hydrogels composed of a PEG first network with MW 8000 and concentration of 50% wiv
in dH,O in the pre];aration state, and a second network of polyacrylic acid with 50% v/v in dH,O
in the preparation state were used to test oxygen permeability. The hydrogels were first rinsed
in distilled water, then soaked in phosphate buffer solution for at least 24 hrs. The harmonic
thickness of the hydl;ogel was then measured using Electronic thickness gauge Model ET-3
(Rehder Develop;nent company). The hydrogel was then soaked again in phosphate buffered
saline solution for at least 24 hrs. Next, an electrode assembly (Rehder Development company)
was attached to a polarographic cell and electrical cables were attached between the electrode
assembly and a potentiostat (Gamry instruments). About 1.5L of buffer solution was then
saturated with air for at least 15 minutes and preheated to 35°C. Next, the hydrogel was
carefully placed onto the electrode, the gel holder was placed over the hydrogel, and a few drops
of buffer solution were placed on top of the hydrogel to keep the hydrogel saturated with buffer
solution. The central part of the cell was then attached onto the cell bottom and the top part of
the cell, containing the stirring rod, impeller, and coupling bushing, was attached to the top part
of the cell. Air saturated buffer solution at 35°C was then poured into the assembled cell and
filled almost to the top. Next, heating coiled tubing was placed around the cell, the tubing was
connected to the heating bath, insulation was wrapped around and on top of the cell, and the flow
of heating fluid was turned on. The speed was then set at 400 rpm and current data was collected
until the steady state was reached. The speed was then reset in 100 rpm increments up to 1200

rpm, and data was again collected. This data was then used to get the oxygen permeability by
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plotting the inverse of steady current versus the Reynolds number to the minus 2/3. An oxygen
permeability of 95.9 + 28.5 Barrers was obtained. Hydrogels according to the present invention,
as well as contact lenses made from these hydrogels, preferably have an oxygen permeability of
more than about 15 Barrers, more preferably at least a‘bout 60 Barrers, most preferably at least

about 90 Barrers.

Equilibrium Water Content

The water content of the hydrogels was evaluated in terms of the swollen-weight-to-dry-weight
ratio. The dry hydrogel was weighed and then immersed in water as well as phosphate buffered
saline. At regular intervals, the swollen gels were lifted, patted dry, and weighed until
equilibrium was attained. The percentage of equilibrium water content (WC) was calculated

from the swollen and dry weights of the hydrogel:

WC=-’1’S-,,-“,{V—dx100

where W, and Wy are the weights of swollen and dry hydrogel, respectively.

The parameters varied to obtain hydrogels with differing water content were the molecular
weight of the PEG macronomonomer, the weight fraction of PAA in the second network, as well
as the amount of crosslinking agent (e.g. triethylene glycol dimethacrylate, or low molecular
weight PEG-DA) added to the first or second networks. FIG. 8 shows water content data for
PEG networks of varying macromonomer MW (white bars), and PEG/PAA IPNs made with
PEG macromonomers of varying MW in deionized water (gray bars) and in thé ionizing -
conditions of PBS, pH 7.4 (black bars). The water content data for the PAA network alone in
deionized water (gray diagonal-patterned bars) and in PBS, pH 7.4 (black square-patterned bars)

is shown on the right as a basts for comparison.
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Table 1 shows the effect of varying the concentration of acrylic acid monomer used to prepare
the second network on the equilibrium water content of PEG/PAA IPNs. In general, lower
concentrations of acrylic acid monomer leads to hydrogels with higher equilibrium water

content.

Table 1: Equilibrium Water Content of PEG(8.0k)/PAA hydrogels with varying
preparation concentration of acrylic acid (AA) monomer

Concentration of AA ‘ Equilibrium Water Content
in the preparation state of PEG/PAA IPN
30% 99%
40% _ 91%

50% 83%

Hydrogels according to the present invention, as well as contact lenses made from these
hydrogels, preferably have an equilibrium water content of between about 20-95%, more

preferably between about 70-90% or between about 20-60%.

Because different MWs of PEG and different starting concentrations of acrylic acid result in
different amounts of equilibrium water content, the final amount of PEG and PAA in the
hydrogel varies depending on the MW of the starting PEG used and the concentration of acrylic
acid used. Examples of compositions of varying weight ratios of PEG and PAA that have been
made according to the present invention are shown in Table 2. The compositions in this table

were all made using a starting concentration of 50% PEG macromonomers.
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Table 2: Compositions of PEG(8.0k)/PAA IPNs with varying preparation concentration of
AA monomer

Concentration of AA in| Dry Wt% Dry Wt.% Dry Wt.PEG)/
the preparation state PEG in IPN PAA in IPN (Dry Wt. PAA)
30% 23.5% 76.5% 0.30
40% 17.5% 82.5% 0.20
50% 13.0% 87.0% 0.15

Optical clarity

The percentage (%) of light transmittance of IPN hydrogels composed of PEG (50% w/v in
dH,0) in the preparation state of the first network and polyacrylic acid (50% v/v in dH;0) at 550
nm was also measured using a Varian Cary 1E/Cary 3E UV-Vis spectrophotometer following the
method described by Saito et al (Saito et al, “Preparation and Properties of Transparent Cellulose
Hydrogels”, Journal of Applied Polymer Science, Vol. 90, 3020-3025 (2003)). The refractive
index of the PEG/PAA hydrogel (with PEG MW 8000) was measured using an Abbe
Refractometer (Geneq, Inc., Montreal, Quebec). The percentage of light transmittance was
found to be 90%, and the refractive index was found to be 1.35. Hydrogels according to the
present invention, as well as contact lenses made from these hydrogels, are preferably at least
about 70% transparent. An example of this hydrogel is shown in FIG. 9. This hydrogel had an

equilibrium water content of 85% and a tensile strength of 1.1 MPa.

Protein adsorption

IPN hydrogels of the present invention have a high resistance to protein adsorption. This makes
them especially well suited for use in extended wear contact lenses. To demonstrate this, primary
rabbit corneal epithelial cells was cultured and seeded at a concentration of 1 x 10° cells/mL onto
unmodified PEG/PAA hydrogels previously incubated in a 0.3% collagen type I solution and

PEG/PAA hydrogels with photochemically bound collagen type I on its surface. Representative
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results from these experiments are shown in the photomicrographs in FIG. 10. FIG. 10A shows
no cell attachment or spreading on an unmodified PEG/PAA hydroge] that was incubated in
collagen type 1. FIG. 10B, in conirast, shows excellent cell growth and spreading upon a
PEG/PAA. surface that was covalently modified with collagen type I. These results show that
without chemical modification of the hydrogel surfaces, collagen type I does not adsorb and, as a

consequence, epithelial cells will not grow on or adhere to the PEG/PAA IPNs.

FIG. 11 shows results of an experiment in which MaxiSorp Polystyrene (indicated by
diamonds), PEG /PAA IPN hydrogels (indicated by squares) and PHEMA (indicated by
triangles) were incubated with varying concentrations of a lysozyme protein solution. Lysozyme
is a protein present in the tear film, and is thusl an important indicator of protein adsorption for
contact lenses. After 1 hour at 37 degrees Celsius, the materials were washed with phosphate
buffered saline (PBS) and incubated with a horse-radish-peroxidase-conjugated lysozyme
primary antibody (1:4000 dilution) followed by incubation with an 2,2'-azino-bis(3-
ethylbenzthiazoline-6-sulphonic acid) (ABTS) substrate. FIG.. 9 shows that PEG/PAA
hydrogels show an increased resistance to lysozyme adsorption when compared to MaxiSorp,
and a similar level of lysozyme adsorption to PHEMA, which is a material used in current
contact lenses. Although PHEMA exhibited a lower background absorption than did PEG/PAA,
both PHEMA and PEG/PAA showed little change from the baseline absorption at 405 nm with
increasing lysozyme concentration. Thus, PEG /PAA IPN hydrogels show a high resistance to

protein adsorption, making them well suited for use as contact lenses

As one of ordinary skill in the art will appreciate, various changes, substitutions, and alterations
could be made or otherwise implemented without departing from the principles of the present
invention. Accordingly, the scope of the invention should be determined by the following claims

and their legal equivalents.
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CLAIMS

What is claimed is:

1.

A contact lens, comprising:

a)

b)

a first polymer network, wherein said first polymer network is based on a hydrophilic
telechelic macromonomer, and wherein said first polymer network comprises at least
about 50% of said telechelic macromonomer by dry weight; and

a second pdlymer network, wherein said second polymer network is based on a

hydrophilic monomer;

wherein said hydrophilic monomer is polymerized and cross-linked to form said second

polymer network in the presence of said first polymer network, and wherein said first
and second polymer networks form an interpenetrating polymer network hydrogel.
The contact lens as set forth in claim 1, wherein said first polymer network comprises
at least about 75% of said telechelic macromoenomer by dry weight.

The contact lens as set forth in claim 1, wherein said first polymer network comprises
at least about 95% of said telechelic macromonomer by dry weight.

The contact lens as set forth in claim 1, wherein said hydrophilic te;echelic
macromonomer is poly(ethylene) glycol (PEG) diacrylate or poly(ethylene) glycol
(PEG) dimethacrylate.

The contact lens as set forth in claim 1, wherein said hydrophilic telechelic
macromonomer has a molecular weight between about 575 Da to about 20,000 Da.
The contact lens as set forth in claim 1, wherein said hydrophilic monomer is acrylic
acid, acrylamide, hydroxyethyl acrylamide, N-isopropylacrylamide, methacrylic acid,
2-acrylamido-2-methylpropanesulfonic  acid, 2-hydroxyethyl methacrylate, 2-
hydroxyethyl acrylate or derivatives thereof.

The contact lens as set forth in claim 1, wherein at least one surface of said

interpenetrating polymer network hydrogel is surface modified.
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8.  The contact lens as set forth in claim 7, wherein said surface is modified with a
layer of poly(ethylene) glycol (PEG) macromonomers, polymerized PEG
macromonomers, polymerized PEG  diacrylate, polymerized PEG
dimethacrylate, polymerized PEG-acrylate or polymerized PEG-methacrylate.

The contact lens as set forth in claim 1, wherein said first polymer network further

comprises a hydrophilic monomer grafted onto said first polymer network.

10. The contact lens as set forth in claim 9, wherein said hydrophilic monomer is
acrylic acid, acrylamide, hydroxyethyl acrylamide, N-isopropylacrylamide,
methacrylic acid, 2-acrylamido-2-methylpropanesulfonic acid, 2-hydroxyethyl
methacrylate, 2-hydroxyethyl acrylate or derivatives thereof.

The contact lens as set forth in claim 1, wherein said second polymer network further.

comprises a hydrophilic telechelic macromonomer grafied onto said second polymer

network.

12. The contact lens as set forth in claim 11, wherein said hydrophilic telechelic
macromonomer is PEG diacrylate or PEG dimethacrylate.

The contact lens as set forth in claim 1, wherein said interpenetrating network

hydrogel has a tensile strength of at least about 1 MPa

The contact lens as set forth in claim 1, wherein said interpenetrating network

hydrogel has an oxygen permeability of at least about 15 Barrers

The contact lens as set forth in claim 1, wherein said interpenetrating network

hydrogel has an equilibrium water content of between about 70% and about 95%.

The contact lens as set forth in claim 1, wherein said interpenetrating network

hydrogel is at least about 70% transparent.

The contact lens as set forth in claim 1, further comprising an additive for UV

-

protection.

An interpenetrating polymer network hydrogel, comprising:
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a first polymer network, wherein said first polymer network is based on a hydrophilic
telechelic macromonomer, and wherein said first polymer network comprises at least
about 50% by dry weight of said telechelic macromonomer; and

a second polymer network, wherein said second polymer network is based on a

hydrophilic monomer;

wherein said hydrophilic monomer is polymerized and cross-linked to form said second

19.

20.

21.

22.

23.

24,

polymer network in the presence of said first polymer network.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said
first polymer network comprises at least about 75% by dry weight of said telechelic
macromonomer.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said
first polymer network comprises at least about 95% by dry weight of said telechelic
MAacromonomer.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said
hydrophilic telechelic macromonomer is poly(ethylene) glycol (PEG) diacrylate or
poly(ethylene) glycol (PEG) dimethacrylate.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said
hydrophilic telechelic macromonomer has a molecular weight between about 575 Da
to about 20,000 Da.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said
hydrophilic monomer is acrylic acid, acrylamide, hydroxyethyl acrylamide, N-
isopropylacrylamide, methacrylic acid, 2-acrylamido-2-methylpropanesulfonic acid,
2-hydroxyethyl methacrylate, 2-hydroxyethyl acrylate or derivatives thereof.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein at
least one surface of said interpenetrating polymer network hydrogel is surface

modified.
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25. The interpenetrating polymer network hydrogel as set forth in claim 24, wherein
said surface is modified with a layer of poly(ethylene) glycol (PEG)
macromonomers, polymerized PEG macromonomers, polymerized PEG
diacrylate, or polymerized PEG dimethacrylate.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

first polymer network further comprises a hydrophilic monomer grafted onto said first

polymer network.

27. The interpenetrating polymer network hydrogel as set forth in claim 26, wherein
said hydrophilic monomer is acrylic acid, acrylamide, hydroxyethyl acrylamide,
N-isopropylécrylamide, methacrylic acid, 2-acrylamido-2-
methylpropanesulfonic acid, 2-hydroxyethyl methacrylate, 2-hydroxyethyl
acrylate or derivatives thereof.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

second polymer network further comprises a hydrophilic- telechelic macromonomer

grafted onto said second polymer network.

29. The interpenetrating polymer network hydrogel as set forth in claim 28, wherein
said hydrophilic " telechelic macromonomer is PEG diacrylate or PEG
dimethacrylate.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

interpenetrating network hydrogel has a tensile strength of at least about 1 MPa.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

interpenetrating network hydrogel has an oxygen permeability of at least 15 Barrers.

The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

interpenetrating network hydrogel has an equilibrium water content of between about

70% and about 95%.
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33. The interpenetrating polymer network hydrogel as set forth in claim 18, wherein said

interpenetrating network hydrogel is at least about 70% transparent.
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