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.Silicone Hydrogel Contact Lenses

The present invention is related to methods for making silicone hydrogel lenses with
wettable and durable coating. The invention is also related to silicone hydrogel contact lenses
with wettable and durable coating.

BACKGROUND OF THE INVENTION
In recent years, soft silicone hydrogel contact lenses, for example, Focus NIGHT &

. DAY™ and O20PTIX™ (CIBA VISION) and PureVISIon“"(Bausch & Lcmb) become more and
-more popular because of their high oxygen permeability and comfort. "Soft" contact lenses

conform closely to the shape of the eye, so oxygen cannot easily circumvent the lens. Soft
contact lenses must allow oxygen from the surrounding air (i.e., oxygen) to reach the cornea
because the cornea does not receive okygen from the blood supply like other tissue If

.sufficient oxygen does not reach the cornea, corneai swelling occurs. Extended penods of

oxygen deprivation cause the undesirable growth of blood vessels in the cornea. By-having
high oxygen permeability, a silicone hydrogel contact lens allows suffi ment oxygen permeate
through the lens to the cornea and to have minimal adverse effects on comneal health.

However, a silicone hydrogel material typically has a surface or at least some areas of
its surface which is hydrophoblc (non-wettable). Hydrophoblc surface or surface areas will up
take Ilplds or proteins from the ocular environment and may adhere to the eye. Thus, a silicone
hydrogel contact lens will generally require a surface modification. '

A known method for modlfying the hydrophilicity of a relatlvely hydrophaobic contact
lens material is through the use of a plasma treatment, for example, commercial lenses such
as‘Focus NIGHT & DAY™ and O20PTIX™ (CIBA VISION), and PureVision™(Bausch &
Lomb). Advantages of a plasma coating is ite durability, relatively high hydtophilicity (or good
wettability), and low susceptibility to lipid and protein deposition and adsorption But, plasma
treatment of silicone hydrogel contact lenses may not be cost effective, because the .
preformed contact lenses must be dried before plasma treatment and because of relative hlgh
capital investment associated with plasma treatment equipments. : .

Another method for modif_ying the hydrophilicity of a relatively hydrophobic contact lens
material is a layer-by-layer (LbL) polyionic material deposition technique (see for exarnple, U.s.

. Patent Nos. 6,451,871, 6,71 7,929, 6,793,973, 6,884,457, 6,896,926, 6,926,965, 6,940,580).

This technique can provide a cost effective process for rendering a silicone hydrogel material
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wettable. However, such LbL coating may be less durable than a plasma coating for extended
wear purpose. ' : . | '

Another method for modifying the surface hydrophilicity of a silicone hydrogel contact
lens is the incorporation of wetting agents into a lens formulation for making the silicone -
hydrogel contact lens as proposed in U.S. Patent Nos. 6,367,929 and 6,822,016..This method
may be cost effective because after cast-molding of silicone hydrogel contact lenses there is
no additional posterlor process reqwred for modifying the surface hydrophlllcuy of the lens:
However, the wetting agents may not stayeffective over time and may not provide a durable
wettable surface In addition, there may be hydrophoblc surface spots which can be extremely :
susceptible to lipid/protein, adsorptlon and deposition. '

Therefore, there is a need for a method of producing silicone hydrogel contact lenses
with wettable and durable coatlng (surface) in a cost effectlve manner.

'SUMMARY OF THE lNVENTION .
The present invention provndes a method for making a silicone hydrogel contact Iens

"the method comprising the steps of: (a) obtaining a mold having a first mold halfand a second

mold half, wherein the first mold half includes a first molding surface and the second mold half
includes a second ‘mold.ing surface, wherein the first and second mold halves ere configured to
receive each other such that a lens-forming cavity is formed between the ﬂrst molding surface
and the second molding surface; (b) applying a first transfel‘able LbL coating to the first,
molding surface and a second transferable LbL coating to the second molding surface,
wherein each of the first and second transferable LbL coatings compnses at least one layer of.
a first polylonlc polymerlc material and optlonally at least one layer of a second polylomc
material or a non-charged hydrophlllc polymer with a hydrophobic backbone, wherein the i rst
and second polyionic material each have a hydrophobic backbone and multiple ionizable or
charged.pendant groups, wherein 'th'e first and second polyionic Materials have charges
opposite to each other; (c) dispensing a silicone hydrogel lens-forming fluid material into lhe
lens-forming cavity of the mold with the first and se(:ond transferable LbL coatings on their
molding surfapés, wherein the silicone-hydrogel lens—forming material comprises anon-
closslinkeble hydrophilic polymer and at least one member selected from the group consisting -
ofa silicone—containing vinylic monomer, a silicone-containing macromer-with ethylenically
unsaturated groups, a crosélinkable silicone-contai_ning prepolymer,-and mixtures thereof,
wherein the non-crosslinkable hydrophilic polymer is capable of forming an interfacial film at
interface between the coated molding surfaces and the Iens—forming fluid material; (d) soaking
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. the transferable LbL coatings with the lens-forming fluid material for a time period sufficient
both to allow the non-crasslinkable hydrophilic polymer in the interface film penetrate into the

transferable LbL coatings and to entangle with coating materials in the transferable LbL

coatings; and (e) curiné the lens-forming material within the lens-forming cavity to form the .

silicone hydrogel contact lens, whereby the transferable LbL coatings detach from the molding
surfaces and reattaches to the formed silicone hydrogel contact lens such thét said silicone
hydrogel contact Iens_beoomes coated with the transferable LbL coatings, wherein the non-.
crosslinkable hydrophilic polymer has a molecular weight or structﬁre that prornotes

) entanglement of the non-crosslinkable hydrophilic polymer in the interfacial film with the
- polymer matrix of the formed lens so 'é_s to obtain a wettable surface coating with a good

coating durability characterized by sOrviving at least five consecutive digital rubbing tests.
The present invention also provides a method for making a silicone hydrogel contact
lens, the method comprising the steps of: (a) obtaining amold having a first mold half and a

. second mold half, wherein the first mold half includes a first molding surface and the secorid

mold ha!f includes a seoond molding surface, wherein the first and second mold halves are
conﬂgdred to receive each other such that a iens—fonning cavity is formed between the first
molding surface and the second molding surface; (b) applying a first transferable LbL coating
to the first molding Surf'ace and a second transferable LbL coating to the second molding
su.rfaoe, wherein each of the first and second transferable LbL coatings comprises at least one
layer of a fi rst oolyionic polymeric material and optionally at least one layer of a second
polylonlc material ora non-charged hydrophlllc polymer with a hydrophobic backbone wherein
the first and second polylomc material each have a hydrophobic backbone and multlple
ionizable or charged pendant groups, wherein the first and second polyionic materials have
charges opposite to each other; (c) dispensing a silicone hydrogel lens-forming fiuid material -
into the lens-forming cavity of the mold with the first and second transferable LbL coatings on
their molding surfaces, wherein the silicone-hydrogel lens-forming material comprises a non- .
crosélinkable h'ydr'ophilic polymer and at least one member selected froh the group consisting'
of a silicone-containing vmyllc monomer, a silicone-containing macromer with ethylenically .
unsaturated groups, a crossllnkable snlncone—contalnlng prepolymer and mixtures thereof,

: whereln the non-crosslinkable hydrophilic polymer is capable of forming an interfacial film at

interface between the ooated molding surfaces and the Iens-forrning fluid material; (d) soaking

. the transferable LbL coatings with the lens-forming fluid material for a time period sufficient

both to allow the non-crosslinkable hydrophilic polymer in the interface film penetrate into the
transferable LbL coatings and to entangie with coating materials in the transferable LbL
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_ coatings; and (e) curing the lens-forming material within the lens-forming cavity to form the

silicone hydrogel contact lens, whereby the transferable LbL coatings detach from the molding.
surfaces and reattaches to the formed silicone hydrogel contact lens such that said silicone.
hydrogel contact lens becomes coated with the transferable LbL coatings, wherein the non-

crosslinkable hydrophilio polymer has a molecular weight or structure that promotes

entanglement of the non-croselinkable hydrophilic polymer in the interfacial film with the

polymer matrix of the formed lens so as to obtain a wettable surface coating with a Qood

coating durability characterized by surviving at least five consecutive digital robbihg tests.
This and other aspects of the mventron will become apparent from the follow:ng '

description of the presently preferred embodiments. The detailed description is merely

illustrative of the invention and does not hrrnt the scope of the invention, which is defi rled by -
the appéended claims and equivalents thereof. As would be obvious to one skilled in the art,
many variations and modiﬁcations of the invention may be effected without departing from the

. ‘'spirit and scope of the novel concepts of the disclosure.

' DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

. Reference now will be made in detail to the embodiments of the invention. It will be
apparent to those skilled in the art that various modifications and variations ca'n' be made in the
present invention without departing from the scope or spirit of the invention.' For instance,
features illustrated or described as part of one embodiment; can be used on another A
embodiment to yield a still further embodiment. Thus, it is intended that the present invention -
cover such modifications and variations as come within the scope of the appended clairjns.and
their equivalents. Other objects, features and aspects of the present invention are disclosed in
or are obvicus from the following detailed description. It is to be understood by one of ordinary
skill in the art that the present dlscussron is a description.of exemplary embodrments only. and
is not mtended as Ilmmng the broader aspects of the present invention.

Unless defined otherwrse all techmcal and scientific terms used hereln have the same

" meaning as commonly understood by one of ordinary skrll in the art to whrch this lnventlon

belongs. Generally, the nomenclature used herein and the Iaboratory procedures are well
k.nown and commonly employed in.the art. Conventional methods are used for these
procedures, such as those provrded in the art and various general references. Where a tenn .
is provrded in the smgular the inventors also contemplate the plural of that term. The
nomenclature used herein and the laboratory procedures described below are those well
known and commonly employed in'the art. *' '
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“Contact Lens” refers to a structure that can be placed on or within a wearer's eye.. A -

‘contact lens can correct ‘improve or alter a user's eyesight, but that need not be the case. A

contact lens can be of any appropriate material known in the art or later developed -and can

be a soft lens, a hard lens or a hybrid lens. A “silicone hydrogel contact lens” refers toa .

contact lens comprising a silicone hydrogel material. )
The “front or anterior surface” of a contact lens, as used herein, refers {o the surface of

' ‘the lens that faces away from the eye during wear. The anterior surface, which is typically

substantlally convex, may also be referred to-as the front curve of the lens.’ ,
The “rear or posterior surface ofa contact lens, as used herein, refers to the surface of

.the lens that faces towards the eye dunng wear. The rear surface which is typlcally

substantlally concave, may alsc be referred to as the base curve of the lens

A "hydrogel” refers to a polymenc materlal whrch can absorb at least 10 percent by
werght of water when it is fully hydrated. ' ‘

A “silicone hydrogel” refers to a silicone-containing hydrogel obtained by

copolymerization of a polymerlzable composition'comprising at least one silicone-containing

vinylic monomer or at least one silicone—containing macromer or at least one crosslinkable
silicone-containing prepolymer

“Hydrophilic,” as used herean descnbes a materlal or portion thereof that will more
readlly assocrate with water than with lipids.

A "monomer“ means a low molecular weight compound that can be polymerized. Low
molecular welght typlcally means average molecular weights less than 700 Daltons.

A vmyllc monomer" as used herein, refers to alow molecular weight compound that
has an efhylemcally unsaturated group and can be polymerized actinically or thermally. Low
molecular weight typically means average molecular weights less than 700 Daltons.

- The term “olefinically unsaturated group" or “ethylenticaly unsaturated group” is
employed herein in a broad sense and is intended to encomoass any groups containing at '
least one >C=C< group. Exemplary ethylenically unsaturated groups include without limitation
acryloyl methacryloyl, allyl vinyl, styrenyl, or other C=C contamrng groups. . |

As used herein, actlnlcally in reference to curing or polymenzmg of a polymenzable

.- composition or material means that the curing (e.g., crosslinked and/or polymenzed) is -

performed by actinic irradiation, such as, for example, UV |rrad|at|on, ionized radiation (e.g.

. gamma ray or X-ray irradiation), microwave irradiation, and the like. Thermal curing or actinic

curing methods are well-known to a person skilled in the art.
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A “hydrophilic vinylic monomer”, as used herein, refers to a vinylic monomer whichas a
homopolymer typically yields a polymer that is water-soluble or can absorb at least 10 percent.
by weight water.

A “hydrophobic vinylic monomer”, as used herein, refers to a vinylic monomer which as

a’homopolymer typically yields a polymer that is insoluble in water and can absorb less t‘han

10 percent by weight water. .

A macromer” refers to a medlum and high molecular weight compound or polymer that
contains ethylenically unsaturated groups capable of undergoing further polymenzung and/or
crosslinking reactions. Medium and high molecular welght typlcally means average molecular
weights greater than 700 Daltons: Preferably, a macromer contams ethylenically unsaturated
groups and can be polymerized actlnlcally or thermally

A “prepolymer” refers to a starting polymer which contains ethylenlcally unsaturated

groups and can be cured (e. g- crosslinked and/or polymenzed) actlnlcally or thermally to
obtain a crosslinked and/or polymerlzed polymer havmg a molecular weight much hlgher than
the starting polymer.

A “silicone—containing prepolymer" refers to a prepolymer which contains silicone and
can be crossllnked upon actinic radiation or thermally to obtain a crosslinked polymer havmg a
molecular weight much higher than the starting polymer. -

A “polymer” means a material formed by polymenznnglcrossllnkmg one or more
monomers. ,

' A photonnmator refers to a chemical that initiates radical crossllnkmglpolymenzmg

reaction by the use of light. Suitable photomltlators include, without llmltatlon benzoin methyl .
ether, dlethoxyacetophenone, a benzoylphosphlne oxide, 1-hydroxycyclohexyl phenyl ketone,

Darocure® types; and Irgacure® types preferably Darocure® 1173, and Irgacu.re® 2959.

A “thermal |n|t|ator" refers to a chemical that initiates radical crosslinking/polymerizing
reaction by the use of heat energy. Examples of suitable thermal initiators |nclude but are not’
limited to, 2,2'-azobis (2, 4—d|methylpentanenltnle) 2,2'-azobis (2—methylpropanen|tnle) 2,2-
azobis (2-methylbutanenitrile), peroxides such as benzoyl peroxide, and the like. Preferably,
the thermal inifiator is'2,2’-azobis(isobutyronitrile) (AIBN). - T

An “interpenetrating polymer network (IPN)” as used herein refers broadly to an
intimate network of two or more polymers at least one of which is either synthesized and/or
crosslinked in the presence of the other(s). Techniques for preparing IPN are known to one
skilled in the art. For a general procedure, see U.S. Patent Nos. 4,536,554, 4,983,702,
5,087,392, and 5,656,210, the contents of which are all incorporated herein by reference. The
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. polymerization is generally. carried out at temperatures ranging from about room temperature

to about 145°C

A spatlal limitation of actmrc radiation” refers to an act or process in which energy
radiation in the form of rays is directed by means of, for example, a mask or screen or .
combinations thereof, to impinge, in a spatially restricted manner, onto an area having a well .
defined peripheral boundary. For example, a spatial limitation of UV radiation can be achieved
by uéing a mask or,screeh which has a transparent or bpen region (unmasked region)
surrounded by a UV impermeable region (masked region), as. schematically illustrated in Figs =~

~1-9 of U.S. Patent No. 6,627,124 (herein incorporated by reference in its entirety). The
-unmasked region has a well defined peripheral boundary with the unmasked region.

“Visibility tinting” in reference to a lens means dying (or coloring) of a lens to enable the
user to easin locate alens in a clear solution within a lens storage, disinfecting or cleaning
container. It is well known in the art thata dye and/or a plgment can be used in VlSIbIllty tinting .

.a Iens

“Dye” means a substance that is soluble in a solvent and that is used to impart color.
Dyes are typically transiucent and absorb but do not scatter light. Any suitable biocompatible
dye can be used in the present invention. ,

A “Plgment" means a powdered substance that is suspended in a liquid in which it is
msoluble A p|gment can be a fluorescent pigment, phosphorescent pigment, pearlescent
pigment, or conventional plgment While any suitable pigment may be employed, it is
presently preferred rhet the pigment be heat .resistant. non-toxic and insoluble in adueous
soluions. ' '

The term “fluid” as used herein indicates that a material is papable of flowing like a
liquid. '

' “LbL coating”, as used herein, refers to a coating that is not covalently attached to a .
contact lens or a mold half and is obtained through a layer—by—layer (“LbL”) deposition of .
polyionic (or charged) and/or non-charged materials on the lens or mold half. An LbL coating
can be composed of one or more layers, preferably one or more bilayers. ’ |

" Asused herein, a u-polyionic material” refers to a polymeric material that has a plurality

. of charged groups or ionizable groups, such as polyelectrolytes, p- and n-type'doped

conducting polymers. Polylomc materials include both polycatlonlc (having positive charges)
and polyanionic (having negative charges) materials. _

The term “bilayer” is employed herein in a broad sense and is intended to encompass:
a coating structure formed on a contact lens or a mold half by alternatively applying, in no
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particular order, one layer of a first polyionic material (or charged material) and subsequently
one layer of a second polyionic material (or charged méterial) having charges cpposite of the
charges of the first polyionic material (or the charged material); or a coating structure formed
on a.contact lens or mold half by alternatively applying, in no perticular order, one layer of a
first charged polymeric material and one layer of a non-charged polymeric material ora
second charged polymeric material. It should be understood that the layers of the first and -
second coating materials (described above) may be intertwined with each other in the bilayer.

Formiation of an LbL coating on a contact lens or mold half may be accornplished ina
number of ways, for example, as described in US Patent Ser. No. '6 451,871, 6, 719 929,
6,793,973, 6,811,805, 6,896,926 (herein |ncorporated by réferences in their entlrety)

An “innermost layer”, as used herem refers to the first layer of an LbL coatlng, WhICh is
applied onto the surface of a contact lens or mold half. )

A “capping layer” or. outmost layer”®, as used hereln refers to the last layer or the sole

layer of an LbL coatlng which is applied onto a contact lens or mold half.

_An "average contact angle refers to a water contact angle (advancing angle

" measured by Wilhelmy Plate method), which is obtained by averaging measurements of at

least 3 individual contact lenses. .

As used herem, “increased surface hydr'ophilicity” or “increaSed hydro;ihilicity” in
reference to a coated contact lens means that the coated contact lens has é reduced
averaged contact angle relative to an uncoated contact lene wherein both coated and " ,
uncoated contact lens are made of the same core material. K

As used herein, “surviving a dlgntal rubbing test’ in reference to a-coatingon a contact
lens means that after digitally rubblng the lens with Solo-care® (CIBA Vision) or-an equivalent,
there is no noticeable i increase in staining area on the lens relative to the stalnmg of a lens of
same without rubbing, as described in Exémple 1. In accordance with the invention, a silicone
hydrogei contact lens of the invention has a coating that is capable of surviving at least 5,
preferably at least 10, more preferably at least 20, even more preferably at Ieast 25
consecutive digital rubbing tests, .

An antlmlcroblal agent”, as used herein, refers to a chemical that is capable of’
decreasmg or ellmlnatlng or mhnbntmg the growth of microorganisms such as that term is
known in the art. 4 .

“Antimicrobial metals” are metals whose ions have an antimicrobial effect and which
are biocompatible. Preferred antimicrobial metals include Ag, Au, Pt, Pd, Ir, Sn, Cu, Sb, Bi and .
Zn, with Ag being most preferred. - ' '
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“Antimicrobial metal-containing nanoparticles” refer to particles having a size of less
than 1 micrometer and contalnmg at least one antimicrobial metal present in one or more of its
oxidation states

“Antrmrcroblal metal nanopartrcles refer to particles whrch is made essentially of an .
antimicrobial metal and have a size of less than 1 micrometer. The antimicrobial metal in the .
antimicrobial metal nanoparticles can be present in one or more of its oxidation states. For

.example srlver—contammg nanoparticles can contain silver in one or more of rts oxidation

states, such as Ag’, Ag", and Agz* .
“Stabilized antimicrobial metal nanopartrcles refer to antrmlcrobral metal nanoparticles

-which are stabilized by a stabilizer durl_ng their preparation. Stabilized antimicrobial metal

nano-particles can be either positively charged or negatively charged or neutral, Iargely
depending on a material (or so-called stabilizer) which is present in a solution for preparing the-
nano-particles and can stabilize the resultant nano—particles. A stabilizer can be any known

_suitable material. Exemplary stabilizers include, without limitation, positively chargeo polyionic .

materials, negatlvely charged polyionic materials, polymers surfactants salicylic acid,
alcohols and the like..

The ® oxygen transmissibility” of a Iens as used herein, is the rate at which oxygen will
pass through a specrf c ophthalmic lens. Oxygen transmrssnblllty, Dk/t, is conventlonally
expressed in units of barrers/mm, where t is the average thickness of the material [in units of
mm] over tne area being measured and “barrer/mm” is defined as:

[(cm?® oxygen) / (cm? )(sec)(mm Hg)l x 10°

The rntnnsrc “oxygen permeability”, Dk, of a lens material does not depend on lens
thickness. Intrinsic oxygen permeability is the rate at which oxygen will pass through a
material. Oxygen permeability is conventlonally expressed in units of barrers, where “barrer”
is defined as: i '

[(cm® oxygen)(mm) / (cm2 Ysec)(mm? Hg)] x 107"° '
These are the units commonly used in the art. Thus, in order to be consistent with the use in
the art, the unit “barrer” will have the meanings as defined above. For example, a lens having
a Dk of 90 barrers (“oxygen permeability barrers™) and a thickness of 90 microns (0.090 mm)

. would have a Dk/t of 100 barrers/mm (oxygen transmissibility barrers/mm). In accordance with

the invention, a high oxygen permeability in reference to a material or a contact-lens

. characterized by apparent oxygen penneability of at least 40 barrers or Iarger measured with a

sample (film or lens) of 100 microns in thrckness accordlng toa cou|ometnc method described
in Examples.
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The “ion permeability” through a lens correlates with both the lonoflux lefuswn .
Coefficient and the lonoton lon Permeability Coeffi cient. . . '
The lonoflux Diffusion Coefficient, D.is determined by applying Fick's law as follows:
' =-n/(Axdodx)

where n' =rate of ion transport [mol/min}

A = area of lens exposed [mm?]
D = lonoflux Diffusion Coefficient [mm?/min]
dc = concentration difference [mol/L]
S dx = thlckness of lens [mm] )
The lonoton Jon Permeability Coeffi clent P,is then detenmned in accordance w:th the
followmg equation: o
In( 1-2C)/C(0)) = _2APt/ Vd

where cH= concentratlon of sodium ions at time t in-the recelvmg cell

C(0) = initial concentratlon of sodium ions in donor cell

A= membrane area, i.e., lens area exposed to cells
V= volume of cell conipartment (3.0ml)

d=- average lens thickness in the area exposed

P= permeablhty coefficient

An lonoflux Diffusion Coefficient, D, of greater than about 1.5x10° mm’/mm is
preferred, while greater than about 2.6 x 10 mm?min is more preferred and greater than )
about 6.4 x 10°° mm?min is most preferred.

It is known that on-eye movement of the lens is required to ensure good tear exchange
and ultimately, to ensure good comeal health. lon permeability is'one of the predlctors of on-
eye movement, because the permeablllty of ions is believed to be directly proportlonal to the
permeabnhty of water.

The term "oxyperm component in a polymerizable composmon“ as used hereln refers )
to monomers, oligomers, macromers, and the like, and mixtures thereof, whlch are capable of
polymerizing with like or unlike polymerizable materials to form a polymer whlch dlsplays a.
relatwely high rate of oxygen dlffusmn therethrough. '

In general, the invention is directed to a cost-effective method for making silicone
hydrogel contact lenses with durable hydrophilic coatings. The invention is partly based on the
discovery that by first forming a transferable LbL coating on the molding surfaces of a mold for
making a silicone hydrogel contact lens and then by incorporate a selected non-crosslinkable
hydrophilic polymer in a silicone hydrogel lens-forming ﬂu?d compaosition, a silicone hydrogel
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. contact lens with a durable coating can be obtained by cast molding without surface treatment-

posterior to cast molding. It is believed that an internal wetfting agent (i.e., in the lens-forming
material) can form an interfacial film at the interface between a mold with transferable LbL
coating and the lens-formmg composition therem pnor to curing the lens-forming composition.
Wetting agent in this interfacial film may penetrate into the transfer LbL coating and entangle .
with coating materials in the transferable LbL coating to function as anchors for enforcing the -
bon,d'ing (non-covalently bonding) of the transfer LbL coating to a formed silicone hydrogel lens.
The interfacial film of the wetting agent may also improve the intactness of the .coating of the

_ resultant lens. Itis also believed that molecules of an internal wetting agent in the interfacial
-film should have sighiﬁcant portion(s)' (e.9., relatively long tails or dangling polymer chain

segments) of its structure which can extend outwardly from the interfacial film into the lens-
forming composition and subsequently can be entrapped within and become entangled with
the polymer matrix of a formed lens. Such ehtrapment and entanglements of the internal

.wetting agent within the transferable LbL coating and the polymer matrix of the resultant lens -

may significantly improVe the durability of the coating of the resultant silicone hydrogel contact
lens. o ' ' .

The preSent invention also provides a method for making a silicone hydroge! contact
lens, the method compnsung the steps of: (a) obtalnlng a mold having a first mold half and a
second mold half wherein the first mold half lncludes a first molding surface and the second
mold half lncludes a second moldlng surface, wherein the first and second mold halves are
conf gured to recelve each other such that a Iens-formlng cavity is formed between the first
moldlng surface and the second molding surface; (b) applying a first transferable LbL coating
to the first molding surface and a second transferable LbL coating to the second molding
surface, wherein each of the first and second transferable LbL coatings comprises at least one °
layer of a first polyionic polymeric material and optionally at least one layer of a second .
polyionic material or a non-charged hydrophilic polymer with a hydrophobic backbone, wherein
the first and second polyionic material each have a hydrophobic backbone and multiple
ionizable or charged pendant groups, wherein the first and second polyionic materialé‘ have °
cherges opposite to each other; () dispensing a silicone hydrogel lens-forming fiuid material .

. into the lens-forming cavity of the mold with the first and second transferable LbL coatings on

their molding surfaces, _wherein the silicone-hydrogel Iens-formihg material comprises a non- .
crosslinkable hydrophilic polymer and at least one member selected from ihe group conéisting
of a silicone-containing vinylic monomef, a silicone-containing macromer with ethylenically
unsaturated groups, a crosslinkable silicone-containing prepolymef', and mixtures thereof,
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wherein the non-crosslinkable hydrophilic polymer is capable of forming an interfacial film at
interface between the coated molding surfaces and the lens-forming fluid matenal (d) soaking
the transferable LbL coatings with the lens-forming fluid material for a time period sufficient
both to allow the non,-crosslinkable hydrophilic polymer in the interface film penetrate into the
transferable LbL coatian and to entangle with coating materials in the transferable LbL
coatings; and (e) curing the lens-forming material within the lens-forming cavity to form the .
silicone hydrogel contact lens, whereby the transferable LbL coatings detach from the molding
surfaces and reattaches to the formed silicone hydrogel contact lens such that said silicone h
hydrogel contact lens becomes coated W|th the transferable LbL coatmgs whereln the non-
crossllnkable hydrophilic polymer-has a molecular welght or structure that promotes .
entanglement of the non-crosslinkable hydrophlllc polymer in the interfacial film with the
polymer matrix of the formed lens so as to obtain a wettable surface coating with a good

_ coating durability characterized by surviving at least five consecutive digital rubbing tests.

Lens molds for making contact lenses are well known to a person skilled in the art and,
for example, are employed in cast molding or spin castlng For example, a mold (for cast .

" molding) generally compnses at least two mold sections (or portions) or mold halves, e fi rst

and second mold halves. The first mold half defines a first moldlng (or optical) surface and the
second mold half defines a second molding (or optical) surface. The first and second moid
halves are configured to receive each other such that a Iens forming cavity is formed between
the first molding surface and the second molding surface. The molding surface of a mold half
is the cavity-forming surface of the mold and in direct contact with lens-forming material.

Methods of manufacturing mold sections for cast-molding a contact lens are generally .
weIl known to those of ordinary skill'in the art. The process of the present invention is not
limited to any particular method of fom'nng a mold. .In fact, any method of formlng a mold'can
be used in the present invention. The first and second mold halves can be formed through
various technlques such as |nject|on molding or lathing. Examples of suitable processes for
forming the mold halves are disclosed in U.S. Patent Nos. 4,444,711 to Schad 4, 460 534 to-
Boehm et al.; 5,843,346 to Morrill; and 5,894,002 to Boneberger et al., whlch are also
incorporated hereln by reference.

Virtually all materials known in the art for maklng molds can be used to make moids for
making contact lenses.' For example, polymeric materials, such as polyethylene, polypropylene,
polystyrene, PMMA, cyclic olefin copolyrners (e.g.,.Topas“> COC from Ticona GmbH of
Frankfurt, Germany and Summit, New Jersey; Zeonex® and Zeonor® from Zeon Chemicals
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. LP, Louisville, KY), or the like can be used. Other materials that allow UV light transmission

could be used, such as quartz glass and sapphire.
" Ina preferred ‘embodiment, reusable molds are used and the suhcone-hydrogel lens-

forming materlal is cured actinically under a spatial limitation of actinic radiation to form a

silicone hydrogel contact lens. Examples of preferred reusable molds are those disclosed in .
U.S. Patent Application Publication No. US 2004-0178541 A1 and U.S. Patent Nos. 6,627,124,

‘ 6, 800,225, which are mcorporated by reference in their entireties.

- In accordance with the present invention, an LblL coating can be apphed to the molding

_ surface of a mold half by contactlng the molding surface with one or more coating solutions .
-according to various methods, such as for examples those methods disclosed in U.S. Patent

Nos. 6,451, 871 6,719,929, 6,793, 973 6,811,805, 6,896, 926 which are incorporated herein by
references |n their enti retles : .

Contacting of the moldmg surface of a mold half WIth a coating solution can.occur by

.dippihg it into the coating solution or by spraying it with the coating solution. One coatlng

process involves solely 'd,ip-coati.ng and optionally di'p-rinsing sfeps. Ancther coating process
involyes solely spray-coating and spray-rinsing steps. However, a‘number of alternatives

-involve various t:ombinations of spray- and oip-coating and rinsing steps may be designed by

a person having ordmary skill in the art.

~ For example a solely dip-coating process for forming an LbL coating composed of at
least one bllayers on the moldlng surface ofa mold half involves the steps of: (a) immersing a
mold half in a first coatlng solution of afirst coatlng material; (b) optlonally rinsing the mold half
by |mmersmg it in a first rinsing solution; (c) |mmersmg the mold half in a second coatlng
solution of a second coating material to form a first bilayer of the first and second coating
materials; (d) opiiorially rinsing the mold half by immersing it in the rinsing solution; and (e)-
opfionally repeating steps (a) to (d) for a nurhber of times to form additional bilayers. A thicker,
LbL coating can be produced by repeating steps (a) to (d) preferably for 2 to 40 times.

The immersion time for each of the coating and optional rinsing steps may vary
depending on a number of factors. Preferably, immersion of the core material intoa coating =
solution occurs over a penod of about 1 to 30 minutes, more preferably about 1 to 20 minutes,

. and most preferably about1to 5 mlnutes Rmsmg may be accomplushed with a plurahty of

rinsing steps, but a snngle rlnsmg step, if desired, can be quite efficient.

Another exemplary coating process for forming an LbL coating composed of at Ieast
one bilayers on the molding surface of a mold half is a smgle dip-coating process as described
in U.S. Patent No. 6,793,973. Such single dip-coating process involves dipping a mold half ina
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solution containing a first coating material and a second coating material in an amount such

that the molar charge ratio of said solution-is from about 3:1 to about 100:1. Multiple bilayers -

can be formed on the moldlng surface of a mold half by using this single dip-coating process.
A further exemplary coating process for forming an LbL coating composed of at least

one bilayers on the molding surface of a mold half involves a series of spray coating

techniques. For example, a solely_ spray-coating process generally includes the steps of:' (@)
spraying the rnolding surface of a mold half with a first coating solution of a first coating
material; (b) optionally rinsing the mold surface by spraying it with a rinsing solution' (c)
spraying the molding surface with a second coating solution of a second coating matenal to
form a first bllayer of the first and second coatlng matenals (d) optionally rinsing the moldlngf
surface by spraying it with the rmsmg solutlon (e) optlonally repeatmg steps (a) to (d) fora. -
number of times. A thicker LbL coatlng can be produced by repeating steps (a) to (d)

~ preferably for 2 to 40 times.

The spray coatlng appllcatlon may be accompllshed viaa process selected from the
group consisting of an alr-aSSIsted atomization and dlspensmg process, an ultrasomc—asmsted

' atomlzatlon and dlspensmg process, a piezoelectric assisted atomization and d|spensmg

process an electro-mechanlcal jet printing process, a piezo-electric jet printing process, a
plezo-electnc wnth hydrostatuc pressure jet printing process, and a thermal jet prlntlng process;
and a computer system capable of controlling the positioning of the dispensing head of the -
spraying device on the ophthalmic lens and dlspensing the coating liquid, Those spraying
coating processes are described in U.S. Patent No. 6 811,805.

In accordance with the lnventlon coating materials for formlng transferable LbL coatlng
mclude without limitation, polylonlc matenals non-charged polymenc materials, polymerlzed
vesicles (llposomes and micelles) with surface charges, charged antimicrobial metal
nanoparﬂcles (preferrably charged silver nano—partlcles) .and _charged antlmlcroblal metal-
contalnlng nanoparticles (preferably ‘charged silver-containing nanopartlcles)

The polyionic materials that may be employed in the present |nvent|on mclude
polyanionic and polycationic polymers with a hydrophoblc backbone and charged or lonlzable
pendant groups. Preferably, the polylonlc materials are polyanlonlc polymers:

' ‘Examples of suitable polyanionic polymers include, without limitation a linear
polyacrylic acid (PAA), a branched polyacrylic acid, a polymethacrylic acid (PMA), a .
polyacrylic acid or polymethacrylic acid copolymer,. a maleic or fumaric acid copolymer, a
poly(styrenesulfonic acid) (PSS). Examples of a branched polyacrylic acid include a
Carbophil® or Carbopol® type from Goodrich Corp. Examples of a,copolymer of acrylic or
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methacrylic acid include a copolymenzatlon product of an acrylic or methacrylic acid with a
vinyl monomer mcludlng, for example, acrylamide, N,N-dimethyl acrylamide or N-vmylpyrroll-
done:. A preferred polyanionic polymer with a hydrophobic backbone is a linear or branched
polyacrylic acid or an écrylic acid copolymer. A more preferred anionic polymer is a linear or
branched polyacrylic acid. A branched polyacrylic acid in this context is to be understood as .
meanlng a polyacrylic ac:|d obtainable by polymerizing acryllc acid in the presence of suitable
(mmor) amounts of a di- or multi-vinyl compound.

' Examples of polycationic polymers with a hydrophobic backbone include, without

_ limitation, a polyallylamine (PAH)., a polyethyleneimine (PEl), a polyvinylamine, a )
. poly(vinylbenzyl-tri-C,-C.,—alkylammohium salt), poly(v'inylpyridinium salt), polyquat. The above

mentioned polymers comprise in each case the free amine, a suitable salt thereof as well as
any quaternized form, if not speclﬂed otherwise.
Any suitable non-charged hydrophlllc polymers with a hydrophobic backbone can be

_used in the invention. They are preferably polyvinyl alcohols (PVAs), more preferably a

homopolymer of a vinyl'lactam, a copolymer of at least one vihyl lactam in the presence or in
the abeence of one or more hydrophilic vinylic comonomers, or rhixtures thereof. -

PVA is.a highly biocompatible material used widely in ophthalmic products, especially
wettmg drops or artificial tears for ocular comfort (e. G-, HypoTears™, etc.). PVAs of all kinds,
for example those with low, medium or high polyvmyl acetate contents may be employed.
Polyvinyl alcohols employed in the present invention are known and are commercially

available, for example under the brand name Mowiol® from KSE (Kuraray Specialties Europe).
In accordance with the invention, the vmyl lactam has a structure of formula (l)

X0
L

wherein R is an alkylene di-radical having from 2 to 8 carbon atoms; R, is hydrogen, alkyl, aryl,
afalkyl or alkaryl, preferably hydrogen or lower alkyl having up to 7 carbon atoms, and, more .
preferably, up to 4 carbon atoms, such as, for example, methyl, ethyl or-propyl; ary! havihg u‘p
to 10 carbon atoms, and also aralkyl or alkaryl having up to 14 carbon atoms; a and R is

)

: hydrogen or lower alkyl having up to 7 carob atoms and, more preferably, up to 4 carbon

atoms, such’ as, for example, methyl, ethyl or propyl.

A preferred non-charged hydrophilic polymer is a copolymer derived froma vinyl
lactam which is a heterocyclic monomer. of formula (1) containing from 4 to 6 carbon atoms in
the heterocyclic ring, or a mixture thereof. A more preferred non-charged hydrophilic polymer
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is a copolymer derived from a vinyl lactam which is a heterocyclic monomer of formula ()}
containing 4 carbon atoms in the heterocyclic ring, or a: mixture thereof. An evén more"
preferred non-charged hydrophilic polymer is a copolymer derived from a vinyl lactam which is
a heterocyclic monomer of formula (I) containing 4 carbon atoms in the heterocyclic ring and

wherein R, and R; are each independently of the other hydrogen or lower alkyl, or a mixture

thereof. A most preferred noh—chargad hydrophilic polymer is polyvinylpyrrolidone (PVP).

In accordancé with the present invention, coating solutions can be‘prepared in a variety
of ways. Preferably, a coating solution can be formed by dissolving a coating material in watar.
The concentration of a coating material in a solution can generally vary dependmg on the
particular materials being utilized, the desired coating thlckness and a number of other factors.:
It may be typical to formulate a relatlvely dilute aqueous solution of a coatlng matenal For
example, a ccatlng material concentration can be between about 0.0001% to about 0. 25% by

~ weight, between about 0.005% to about 0.10% by weight, or between about 0.01% to about
0.05% by weight. ' ' ‘

In order to alter various characterlstrcs of the coatlng, such as thickness, the molecular

" weight of the coating materials can be varied. In particular, as the molecular werght is

mcreased the coatlng thickness generally increases. )

In accordance with the invention, a transferable LbL coatmg compnses at least one
layer of a first polyionic material. The fi rst polyionic material can’be any charged materials,
such as a polyanionic polymeric rriaterial, a polycationic pofymeric material, polymerized .
vesicles with surface charges, charged antimicrobial metal nanoparticles (preferrably charged -
silver nano-particles), charged antlmlcroblal metal-containing nanopartucles (preferably '
charged silver-containing nanopartlcles) or mixtures thereof. The first polyionic matenal is
preferably a polyanionic polymer ora. polycatlonlc polymer . A

The transferable LbL coating can further comprises at least one layer of a second
coating rnaterial wherein the secc'nd coating material can be non-covalently bound to the first’
polyionic material. The second coating material can be a polyionic material havmg charges
opposite of the first polyionic material or a non-charged polymenc material capable of being
bound to the first polylonrc material ‘as disclosed in U.S. Patent No. 6,926,965 (herein -
incorporated by reference in its entlrety) Preferred non-charged polymeric matenals include
without limitation homopolymers of a vnnyl lactam, copolymers of at least one vinyl lactam in
the presence or in the absence of one or more hydrophrhc vinylic monomers, ‘or mixtures-
thereof.
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In a preferred embodiment, the transferable Lbl. coating on the molding surface
comprises one outmost layer of a polyionic polymeric material. '

" In another preferred embodiment, the transferable LbL coating on the molding surface
comprises at least one bilayer of a polyanionic polymeric material and a polycatlonlc polymeric
material. :

" In another preferred embodiment, the transferable LbL coating on the molding surface

comprises at least one bilayer of a polyionic polymeric'rnaterial and a non-charged polymeric

material capable of being non-covalently bound to the.polyienic poiymeric material.
in another preferred embodiment, the transferable LbL coating on the molding surface

-comprises at least one layer of a Iubri'c‘ious coating material which is selected from the group -

consisting of PAMAM dendrimers, PAAM-co-PAA, PVP-co-PAA, glycosaminoglycanés,
fucoidan, poly-aspartic acid, poly-glutamic acid, carboxymethyl cellulose, carboxymethyl
dextrans, alginates, pectins, gellan, carbbxyalkyl chitins, carboxymethyl chitosans, sulfated

_polysaccharides, glucoproteins, and aminoalkylated polysaccharides.

In a more preferred embodiment, the transferable coatirlg comprises at least one layer
of polyacrylic acid (PAA) and at least one layer of polyvinylpyrrolidone.

A transferable LbL coating can comprise two or more bilayers. A preferred number of
bllayers ina transferable LbL coatmg are about 2 to about 20 bilayers. While more than 20
bilayers are pOSS|bIe it has been found that delamination may occur in some LbL coatings
having an excessive number of bilayers. A more preferred number of bilayers is about 2 to
about 10 bilayers. " ' '

ina preferred embodiment, the first and second transferable LbL coatings are identical
to each other. ' .

~In another preferred embodiment, the first and second transferable LbL. coatings are
different from each other. Under such circumstance, a resultant silicone hydrogel contact Iens
has asymmetrical coatings thereon. As used herein, “asymmetrical r:oatings" on a contact lens .
refers to the different coatings on the anterior surface and the opposite posterior surface of the
contact lens. As used hereirr, “different coatings” refers to two coatings that have different .
compositions. For example, the first transferable LbL coating comprises at least one layer of a

. polyanionic material and at least one layer of a non-charged hydrophilic polymer with a

hydrophobic backbone, whereas the second transferable LbL: co'ating comprises at least one -

. layer of a polyanionic material and at least one layer of a polycationic material. With

asymmetrical coatings, a contact lens may have different surface properties and/or
functionalities. ‘

17



10

15

20

25

30

WO 2007/146137 PCT/US2007/013529

A “silicone hydroge! lens-forming material® refers to a polymerizable composmon which

can be cured (i.e.; polymerized and/or crosslinked) thermally or actlmcally or chemlcally to
obtain a crosslinked silicone-containing polymer. Lens-forming materials are well known to a
person skilled in the art. In accordance with' the invention, a silicone hydrogel lens-forming -
material comprises at least one sificon-containing monomer or macromer, or can be any ’Ie,ns
formulations for making soft contact lenses. Exemplary lens formulations include without
limitation the formu!aiions of lotrafilcon A, lotrafilcon B, etafilcon A, genfilcon A, lenefilcon A,
polymacon, acquafilcon A, balafilcon, senofilcon A, and the like. A Iens-formir\g material can
further include other components, such as an initiator (e g. a photommator ora then'nal '
initiator), a visibility tinting agent, UV-bIockmg agent, photosensntlzers and the like. Preferably, :
a silicone hydrogel lens-forming material deed in the present lnventlorr comprises a silicone-
containing macromer. h ' . A

Examples of sili‘co'ne-containing monomers include, without limitation,
methacryloxyalkylsnoxanes 3-methacryloxy propylpentamethyldrsr|oxane
bls(methacryloxypropyl)tetramethyl -disiloxane, monomethacrylated polydrmethylsuloxane

' mercapto-termmated polydrmethylsrloxane N- [tns(tnmethylsrloxy)stlylpropyl]acrylamlde N-
: [trls(trlmethylsrloxy)srlylpropyl]methacrylamlde tris(pentamethyldisiloxyanyl)-3-.

methacrylatopropylsnane (T2), and tristrimethylsilyloxysilylpropyl methacrylate (TRIS). A
preferred siloxane-containing monomer is TRIS, which is referred to 3-
methacryloxypropyltns(tnmethylsnloxy) silane, and represented by CAS No. 17096-07-0. The
term “TRIS" also includes dimers of 3-methacryloxypropyitris(trimethylsiloxy) silane.

Any surtable sﬂoxane—contammg macromer with ethylenically unsaturated group(s) can
be used to produce a silicone hydrogel material. A particularly preferred sﬂoxane—contannlng
macromer is selected from the group consisting of Macromer A, Macromer B, Macromer C,
and Macromer D described in us 5 760,100, herein incorporated by reference in.its entirety.
Macromers that contain two or more polymerizable groups (vinylic groups) can also sefve as
cross linkers. Di and triblock macromers consisting of polydrmethylsrloxane and
polyakyleneoxides could also be of utility. Such macromers could be mono or dlfunctlonallzed
wrth acrylate, methacrylate or vinyl groups. For exampie one mlght use methacrylate end
capped polyethyleneox1de-b|ock—polyd|methylsnloxane-block-po!yethyleneoxude to enhance
oxygen permeabllnty _ ‘

Examples of silicone-containing prepolymers include wrthout limitation those drsclosed ) ‘
in US Patent Application Publication N6. US 2001-0037001 A1 and US Patent No. 6,039,913,
which are incorporated herein by references in their entireties. Preferably,,ihe prepolymers
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. used in the invention are previously purified in a manner known per se, for example by
precipitation with organic solvents, such as acetone, filtration and.washing, extraction ina

suitable solvent dlaly5|s or ultrafiltration, ultrafiltration being especially preferred By means of
that purifi ication process the prepolymers can be obtained in extremely pure form, for example
in the form of concentrated aqueous solutions that are free, or at least substantially free, from.
reaction products, such as salts, and from starting materials, such as, for example non-
polymenc constituents. The preferred purification process for the prepolymers used in the
process according to the invention, ultrafiltration, can be carned out in a manner known perse.’

it is possible-for the ultrafiltration to be carried out repeatedly, for example from two to ten
-times. Alternatively,'the ultrafiltration can be carried out continuously until the selected degree

of purity is attained. The selected dégree of purity can in principle be as high as _desired. A

" suitable measure for the degree of purity is, for example, the concentration of dissolved salts -~

obtained as by-products, which can be determined simoly in known manner.
In accordance with the present invention‘ a silicone hydrogel lens-forming material can.

.also comprrse a hydrophrllc vinylic monomer. Nearly any hydroph|l|c vrnyllc monomer that can

actasa plasticizer can be used in the fluid composition of the invention. Among the preferred

- hydrophilic monomers are N,N-dlmethylacrylamrde (DMA), 2-hydroxyethylmethacrylate

(HEMA), hydroxyethyl acrylate, hydroxypropyl acrylate, hydroxypropyl methacrylate (HPMA),
trirn'ethylammonium 2—hydroxy propylmethacrylate hydrochloride, dimethylaminoethyl
methacrylate (DMAEMA) dimethylaminoethylmethacrylamide acrylamide, methacrylamide,
allyl alcohol, vmylpyrrdlne glycerol methacrylate, N-(1 1dimethyl- 3-oxobutyl)acrytam|de N-
vmyl-2-pyrro||done (NVP), acrylic acid, methacryllc acid, and N N-dlmethyacrylamlde (DMA)
A srhcone hydrogel Iens—fonmng material can also comprises a hydrophobic monomer.
By mcorporatmg a certain amount of hydrophoblc vinylic monomer in a polymerizable fluid
composrtlon the mechanical properties (e.g., modulus of elastrcrty) of the resultant polymer A
may be improved. .
A silicone hydrogel lens-forming material can further comprise an antimicrobial agent,
preferably antimicrobial metal nanoparticles, more preferably silver nanopartrcles ‘ ‘
In accordance with the present invention, a silicone hydrogel Iens—formmg material can

. further comprrse various components such as cross-linking agents a chain transfer agent,

initiator, UV-absorbers, inhibitors, fillers, visibility tinting agents (eg dyes, pigments, or

. mixtures thereof), and the like, as known to a person skilled in the art.
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In accordance with the present invention, a silicone hydrogel lens-forming material can
be a solution or a solvent-free liquid or melt at a temperature below 90°C. .A person skilled in
the art will known well how to prepare silicone hydrogel lens-forming material.

In accordance with’the present invention, a silicone hydrogel lens-forming material ¢an

be a solution or a solvent-free liquid or melt at a temperature below 60°C.

Any non-crosslinkable hydrophilic polymers can be used in the invention. Exemplary
non-crosslinkable hydrophilié polymers include, but are not limited to, polyvinylalcohols (PVAs),
polyethylene oxide, polyethylene-polypropylene block copolymers polyamides polyimides o
polylactone, a homopolymer of a vinyl Iactam of formula (1) shown above, a copolymer of at
least one vmyl Jactam of formula (I) shown above in the presence or in the absence of one or
more hydrophilic vinylic comonomers, a homopolymer of acrylam|de or methaacrylamnde a-
copolymer of acrylamide or methacrylamlde with one or more hydrophlllc vmyllc monomers
mixtures thereof. ' '

A non-crosslinkable hydrophllic polymer is pres‘ent‘ in the silicone hydrogel Iens—fo.rming
material in an amount sufficient to render a formed silicone hydrogel lens having a wettable

" and durable coating, for e'xample in an amount of from about 0.5% to about 10 % by vveight'_

preferably from about 1% to about 8.0 % by weight, and more preferably from about 3% to
about 6 % by welght each based on the entire weight of the composition. ’ ]

The number-average moleéular welght M of a non-crossllnkable hydrophmc polymer is
at least 40000 daltons, preferably at least 80000 daltons, more preferably at least 100000
daltons, even more preferably at least 250000 daltons.

Examples of hydrophilic polymers include but are not limited to polyvinylalcohol (PVA)
polyethylene oxide (r e., polyethyleneglycol (PEG)), poly- -vinyl pyrrohdone poly-N-V|nyl-2-
piperidone, poly—N-wnyl-2—caprolactam poly-N-vinyl- 3-methyl—2—caprolactam poly—N-vmyI-3-
methyl-2-p|pendone poly-N-vrny|-4—methyI -2-piperidone, poly—N-vrnyl-4-methyl-2-caprolactam
poly-N-vrnyl-3-ethyl-2-pyrrol|done ‘and poly-N-vinyl4,5-dimethyl-2-pyrrolidone,
polyvinylimidazole, poly-N-N-dimethylacrylamide, polyacryhc acid, poly 2 ethyl oxazollne
heparin polysaccharides, polysaccharides, a polyoxyethylene derivative, mixtures thereof. .

A suitable polyoxyethylene derivative is, for example, a n-alkylphenyl polyoxyethylene

ether, n-alkyl polyoxy-ethylene 'ether (e.q., TRITON®), polyglycol ether surfactant -
(T ERGITGL®). polyoxyethylenesorbitan (e.g.,‘TWEEN®), polyoxyethylated glycol monoether.
(e.g., BRIJ®, polyoxylethylene 9 lauryl ether, polyoxylethylene 10 ether, polyoxylethylene 10
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. tridecyl ether), or a block copolymer of ethylene oxide and propylene oxide {e.g. poloxamers or

poloxamines). .

" A class of preferred polyoxyethylene derivatives used in the present invention are
polyethylene—polypropylene block copolymers, in particular poloxamers or poloxamines which
are available, for example, under the tradename PLURONIC®, PLURONlC-R®, TETRONlC®.
TETRONIC-R® or PLURADOT®. ' o

Poloxamers are triblock copolymers with the structure PEO-PPO-PEO (where "PEO" is
poly(ethylene oxide) and "PPO" is poly(propylene oxide). A considerable number of

" poloxamers i is known differing merely in the molecular welght and in the PEO/PPO ratio;
‘Examples are poloxamer 101, 105, 108, 122, 123, 124, 181, 182, 183, 184, 185, 188, 212,

215, 217, 231, 234, 235, 237, 238, 282, 284, 288, 331, 333, 334, 335, 338 401, 402, 403 and
407. The poloxamers may be used in the process of the invention |rrespect|ve of their
PEO/PPO ratio; for example, poloxamer 101 having a PEO/PPO weight ratio of about 10/90

‘and poloxamer 108 having a PEO/PPO weight ratio of about 80/20 both have been found to

be valuable as non-crosslinkable polymer in the aqueous solution according to step a).
The order of p'olyoxyethylene and polyoxypropylene blocks can be reversed creating

block copolymers with the structure PPO-PEO-PPO, which are known as PLURONIC-R®
polymers.

Poloxamines are polymers with the structure (PEO- PPO)z-N-(CHz)z"N (PPO -PEQO),
that are available with different molecular weights and PEO/PPO ratios . Again, the order of -
polyoxyetnylene and polyoxypropylene blocks can be reversed creating block copolymers with

the structure (PPO—PEO)Z-N-(CHZ)Z-N-(PEO-PPO)Z, which are known as TETRONlC-R®
polymers

Polyoxypropylene—polyoxyethylene block copolymers can also be designed with
hydrophilic blocks comprising a random mix of ethylene oxide and propylene oxide repeating
units. To maintain the hydrophilic character of the block, ethylene oxide will predominate.
Similarly; the hydrophobic block can be a mixture of ethylene oxide and propylene oxide.
repeating units. Such block l:opolymers are available under the tradename PLURADOT®.

PVA is a highly biocompatible material used widely in ophthalmic nrodLlcts. especially
wetting. drops or artificial tears for ocular comfort (e.g., HypoT-earsTM,' etc.). Non-crosslinkable .
PVAs of all kinds, for eicample those with low, medium or high polyviny! acetate contents may
be employed. The non-crosslinkable polyvinyl alcohols e’mbloyed in the present invention are
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known and are commercially available, for example under the brand name Mowiol® from KSE
(Kuraray Specialties Europe) .

Preferably, a srhcone—hydrogel lens-formmg material comprises at least one high
molecular weight non-crosslinkable PVA with a M, of from above 50000 to 100000, preferably
from above 50000 to 75000 and at least one low molecular weight non-crosslinkable PVA with
a M;, of from 25000 to 50000, preferably from 30000 to 50000. R

In case of two or' more different non-crosslinkable PVAs, the total amount thereof in the
composmon is as descnbed before including the preferences given. The weight proportlon of
the lower molecular weight and hlgher molecular weight non-crosstinkable PVA may vary
within broad ranges, but is, for example from 1:1 to &:1, preferably from 1:1to4:1, andin -
particular from 1:1 to 3:1. . ’

A mixture of non-crossllnkable PVAs and polyethyleneglycol (PEG) can be used in the

. invention. PVA and PEG may have synergy for enhancrng surface wettablllty of a silicone

hydrogel contact lens. ) )
In accordance wrth the present invention, a stlrcone hydrogel Iens—formrng matenal can

further comprise various components such as cross—hnkmg agents, initiator, UV—absorbers .

inhibitors, fillers, visibility tlntlng agents (e.g., dyes pigments, or mixtures thereof) and the like.

Cross-!mkmg agents may be used to improve structural integrity and mechanical
strength.'Examples of cross-linking agents include without limitafion allyl(meth)acrylate, lower
elkylene glycol di(meth)acrylate, poly lower alkylene glycol di(meth)acrylate, lower alkylene .
di(meth)acrylate, divinyl ether, divinyl sulfone, di- or trivinylbenzene, trimethylolpropane
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate, bisphenol A di(meth)acrylate '
methylenebls(meth)acry|amlde tnallyl phthalate or diallyl phthalate. A preferred cross-lmkmg
agent is ethylene glycol dimethacrylate (EGDMA).

The amount of a cross-lmkmg agent used is expressed in the weight content with
respect to the total polymer and is preferably in the range from 0.05 to 5%, and more
preferably in the range from 0.1 to 2%. . _

lmtlators for example, selected from matenals well known for such use in the
pplymenzatlon art, may be included in the polymerizable fluid composition in order to promote.
and/or increase the rate of, the polymerization reaction. An initiator is a chemical agent '
capable of initiating polymerization reactions. The initiator can be a photoinitiator or a thermal -
initiator. ' ' : o '

A photoinitiator can initiate free radical polymerization and/or crosslinking by the use of
light. Suitable photoinitiators are benzoin m'ethyl ether, diethoxyacetophenone, a
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. benzoylphosphine oxide, 1-hydroxycyclohexyl phenyl ketone and Darocur and Irgacur types,

preferably Darocur 1173® and Darocur 2959®. Examples of benzoylphosphine initiators
include 2,4,6-trimethylbenzoyldiphenylophosphine oxide; bis—(2.6—dichlor6benzoy|)—4~N-
propylpherrylphosphine' oxide; and bis-(2,6-dir:hlorobenzoyl)-4-N-butylphenylphos’phine oxide.
Reactive photoinitiators which can be incorporated, for example, into a macromer or can be .
used ‘as:a special monomer are also suitable. Examples of reactive photoinitiatorsare those
disclosed in EP 632 329, herein incorporated by referehce in its entirety. The polymerization
can then be triggered off by actinic radiation, for example light, in barticular'U\/ light of a

~ suitable wavelength. The spectral requirements can be controlied accordingly, if appropriate,.
- by addition of suvitable photosensitizers

Examples of suitable thermal initiators include, but are not Irmlted to, 2, 2'-azob|s 2,4-
dimethyipentanenitrile), 2,2'-azobis (2-methylpropanenitrile), 2,2'-azobis (2-methylbutanenitrile),
peroxides such as benzoyl peroxide, and the like. Preferably, the thermal initiator is .

. azobisisobutyronite (AIBN).

Examples of preferred pigments include any'colorant perrr\itted in medical devices and
approved by the FDA, such as D&C Blue No. 6, D&C Green No. 6, D&C Violet No. 2,
earbazole violet, certain copper complexes, certain chromium oxides, various iron oxides,
phthalocyanine green, phthalocyanine blue, tltanlum dioxides, etc. See Marmiom DM
Handbook of U.S. Colorants for a list of colorants that may be used with the present invention.
A more preferred embodiment of a pigment include (C.I. is the color index no.), without
limitation, for a blue color, phthalocyanine blrre (pigment blue 15:3, C.l. 74160), cobalt biue
(p.igment‘ blue '36. CI 77343), Toner cyan BG (Clariant), Permajet blue B2G (Clariant); for a
green color, thhalocyanine green (Pigment green 7, C.l. 74260) end chromium sesquioxide;
for yellow, red, brown and black colors, various iron oxides; PR122, PY154, for violet,
carbazole violet; for black, Monolith black cK (CIBA Speclalty Chemlcals)

In a preferred embodiment, a polymerizable fluid composmon su1tab|e for making an
ophthalmic device will include (a) about 20 to 40 welght percent of a srloxane-contamlng
macromer with ethylemcally unsaturated groups, (b) about 5 to 30 weight percent of a
srloxane—contalmng vinylic monomer, and (c¢) about 10 to 35 weight percent of a hydrophilic .

. monomer. More preferably, the srloxane—contalnrng vinylic monomer is TRIS.

In another preferred embodiment, where a lens-forming matena| is a solution
(dissolved in water, a mixture of water a_nd a water miscible organic solvent, or an organic
solvent), solvent-free liquid, or melt of one or more silicone-containing prepolymers with
ethylenically unsaturated groups optionelly in presence of other components, reusable molds
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are used and the lens-forming material is cured actinically under a spatial limitation of actinic
radiation to form a contact lens. Examples: of silicone—cbntaining prepolymers include without. -
limitation those disclosed in US Patent Application Publication No. US 2001-0037001 A1 and
US Patent No. 6,039,913, Which are incorporated herein by reférences in their entireties,

Examples of preferred reusable molds.are those disclosed in U.S. Patent Application

Publication No. US 2004-0178541 A1 and U.S. Patent Nos. 6,627,124, 6,800,225, ‘which are
incorporated by refefence in their entireties. In this preferred embodiment, preferabiy the lens-
forming material is substantially free of vinylic monomers and the s,ilicone-coﬁtaining .
prepolymer is substantially purified prior to making the Ier'\s'.-formin.g material (fom'\ulati‘on): As
such, no extraction step is necessary after cast-molding step and the production cost can be
reduced. : . ' ‘ o

In.this case, the lens-form~ir'\g material is put into a mold consisting of iwo mold halves,
the two mold halves not touching each other but having a thin gap of annular design arranged

between them. The gap is connected to the mold cavity, so that excess lens material can flow

away into the gap. Instead of polypropylene molds that can be used only once, itis possnble

for reusable quartz, glass, sapphlre molds to be used, since, following the production of a lens,

these molds can be cleaned rapidly and effectively off the uncrosslinked prepolymer and other
residues, using water or a suitable solvent, and can be dried with air. Reusable molds can also
be made of a cycllc olefin copolymer, such as for example, Topas COC grade 8007-S10
(Clear amorphous copolymer of ethylene and norbornene) from Ticona GmbH of Frankfurt,
Germany and Summit, New Jersey, Zeonex® and Zeonor® from Zeon Chemicals LP,
Louisville, KY. Because of the reusability of the mold halves, a relatively high outlay can be
expended at the time of their produc;tlon in order to obtain molds of extremely high precision
and reproducibility. Since the mold halves do not touch each other in the region 6f the lens to
be produced i.e. the bavity or actual mold faces, damage as a result of contact is ruled out.
This ensures a high service ||fe of the molds, which, in particular, also ensures high’
reproducibility of the contact Ienses to be produced. _ .

The two opposite surfaces (anterior surface and pbsterior surface) of a contact lens are
dgﬁned by the two molding surfaces while the edge is defined by the spatial limitation of actinic
irradiation rather than by means of mold walls. Typically, only the lens-forming material within
a region bound by ihe two molding surfaces and the projection of the well defined peripheral
boundary of the spatial limitation is crosslinked whereas any lens-forming material outside of '
and immediately around the peripheral boundary of the spatial limitation is not crosslinked, and
thereby the edge of the contact lens should be smoath and precise duplicafion of the .
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. dimension and geometry of the spatial limitation of actinic radiation. Such method of making

contact lenses are described in U.S. Patent Application Publication No. US 2004-01 78541 A1
and U.S. Patent Nos. 6 627,124, 6,800,225, Wthh are incorporated by reference in their
entireties.. . .
A spatial limitation of actinic radiation (or the spatial restriction of energy impingement)
can be effected by maskmg for a mold that is at least partially |mpermeable to the particular
form of energy used, as illustrated in U.S. Patent Nos. 6 627,124, 6,800,225 (hereln
mcorporated by reference in their entireties) or by a mold tnat is hlghly permeable, atleastat -

_one side, to the energy form capsing the crosslinking and that has mold parts being
.impermeable or of poor permeability to the energy, as illustrated in U.S. Patent Application

Publication No. US 2004-0178541 A1 and U.S. Patent Nos. 6,627,124, 6,800,225 (herein .
incorporated by reference in their entireties). The energy-used for the crosslinking is radiation -
energy, especially UV radiation, gamma radiation, electron radiation or thermal radiation, the

_radiation energy preferably being in the form of a substantially parallel beam in order on.the

one hand to achieve good restriction and on the other hand efﬁcient use of the energy.

In enother preferred embodiment, a silicone hydrogel lens-forming material further
comprises at least one antimicrobial agent, preferably silver nanoparticles in an amount
sufficient to impart to the resultant silicone hydrogel material an antimicrobial actnvuty
charactenzed by havmg at least a 5-fold reduction (=80% inhibition), preferably at least a 1-log
reduction (290% inhibition), more preferably at least a 2-log reduction (>99% inhibition), of
viable microorganisms (e.g., Pseudomonas aeruginosa GSU # 3, or Staphylococeus aureus
ATCC #6538), preferably by having a prolong antimicrobial activity (i.e., effective antimicrobial
actwuty after direct contact W|th a body fluid over an extended period of time). Antlmlcroblal i
actMty can be determined according to procedure described in the Examples of U. S Patent
Application Publication No. US.2005-0013842 A1 (herein incorporated by reference inits - '
entirety). ' ' )
" As used herein, a “prolong antimicrobial activity” is characterized by having atleasta
5-fold reduction (=80% inhibition), preferably at least a 1-log reduction (>90% inhibition), more
preferably at least a 2-log reduction (>99% inhibition), of viable microorganisms (e.g.,

- Pseudomonas aeruginose GSU # 3, or Staphylococcus aureus ATCC #6538) after at !eest's.

preferably at least 10, more preferably at least 20, even more preferably at least 30
consecutive soaking/rinsing cycles, each cycle comprising soaking/rinsing one lens in a
phosphate buffered saline (PBS) for a period of time from about 24 to about 72 hours, as
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shown in the Examples of U.S. Patent Application Publication No. US 2005-0013842 Al
(herein incorporated by reference in its entirety). o ' ’ ‘

In accordance with the invention, the soaking time is preferably shorter than about 20
minutes, more preferably shortér than about 10 minutes, even more preferably shorter than

about 5 minutes.

In a preferred embodiment, the lens-forming fluid material has a temperature of fl;om
about 45°C to about '95°C. At such a relative high temperature, the soaking of the transferable
LbL coatings with the lens-forming fluid material can be accelerated. Moreovér it is believed
that at a relatlve!y high temperature, the structure of the non—crosslmkable hydrophuhc polymer
may not be tightly compact (or aggregated) but may Ilkely be extended (i.e., with the chams j
extending out) so that portions of the nonfqrosslnnkable hydrophlhc polymer in the mt_erfacua,l
film can extend into the polymer rﬁatrix of a formed lens, thereby increasing the durability of

_ the coatings 'on the formed contact lenses.

A resuiltant contact Iens has a wettable and durable coatlng characterized by survwmg

at least 5 consecutive dlgltal rubblng tests. -

A resultant contact lens has an oxygen permeability of at least 40 barres; -preferably at
least about 50 barrers, more preferably at least about 65 barrers, even more preferably at
least about 80 bar.rers. In accordance with the invention, an oxygen perrneabil.ity is an
apparent (directly measured when testing a sample with a thickness of aboﬁt 100 microns)

oxygen permeability according to procedures described in Examples.

A resultant contact lens can further have a elastic modulus of about 1.5 MPa or less,
preferably about 1.2 MPa or less, more preferably about 1.0 or Iess even more preferably
from about 0.4 MPa to about 1.0 MPa

A resultant contact lens further has an lonofiux Diffusion Coeffi cient, D of preferably at
least about 1.5 x 10 mmzlmln more preferably at least about 2.6 x 10 mm?/min, even more
preferably at least about 6.4 x 10°° mmZ/min.

~ Aresultant contact Iens further has a water content of preferably from about 18% to
about 55%, more preferably from about 20% to about 38% by weight when fully hydrated The
water content of a silicone hydrogel contact lens can be measured according to Bulk '
Technlque ‘as dlsclosed in US5,849,811. ‘

In another aspect the invention provide a method for making for makmg a snllcone
hydrogel contact lens, compnsmg the steps of: (a) cast-molding a silicone hydrogel contact
lens from a silicone hydrogel lens-forming material, wherein the silicone-hydrogel lens-forming
material comprises a non-crosslinkable hydrophilic polymer with a hydrophébic backbone and
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. at least one member selected from the group consisting of a silicone-containing vinylic

monomer, a silicone—coniaining macromer with ethylenically unsaturated groups, a
crosslinkable s’ilic;one—contain_ing prepolymer, and mixtures thereof; (b) applying é LbL coating .‘
onto the resiiltant silicone hydrogel contact lens at 2 temperature from about 45°C to about.
95°C, wherein the LbL coating comprises at least one layer of a first polyionic polymeric
material-and optionally at least one layer of a second polyionic material or a hon-charged
hydrbphilic polymer with é hydrophobic backbone, wherein the first and second polyionic’
material each have a hydrophobic backbone and multiple iqnizablé or charged. pendant groups,

‘ wherein the non-crosslinkable Hyd_rophilic polymer has a molecular weight or structure that
- promotes entanglement of the non-crosslinkable hydrophilic polymer in the interfacial film with

the polymer matrix of the formed lens so as to obtain a wettable surface coating with a good
coatlng durability charactenzed by surviving at least five consecutive digital rubblng tests.
Although the inventors do not wish to be bound by any particular theory, it is believed

.that where a non-crosslinkable hydrophilic polymer is incorporated in a silicone hydrogel lens-.

forming fluid material for cast-molding of lenses, an interfacial film composed of non-
crosslihkable hydrophilic polymer can be formed at the interface Between the lens-forming
rﬁaterial and the molding suiface of a mold prior to polymerization (curing). Such interfacial
film of non-crosslinkable hydrophilic polymér can become the integral part of the resultant lens
if fh'e non-crosslinkable hydi‘dphilic polymer has a hAigh molecular weight or a structure to 4
ensure that portions (e.g., relatively long tails or dangling polymer chain segments) of the non-
crosslmkable molecules are entrapped within and become entangled wnth the polymer matrix
of a formed lens. Such interfacial film (or coatlng) on the lens may not be intact and/or durable.
But, by applying an LbL coating on top of this interfacial film at a relatively high temperature
(e.g., @ temperature of from about 45°C to about 95°C); one can obtain a new coating with
greatly improved intactness and durability. It is also believed that at a relatively high
temperature, the structure of the non-crosslinkable hydrophilié polyfner in the interfacial film ,
tends to be extended so as to facilitate the hydrophobié-hydrophobic inferactions between the’
hydrophobic backbones of Lbl coating materials and the non-crosslinkable hydrophilic .
polymer. As such, the LbL .coating materials intertwine with non-crosslinkable hydrophilic

) material to qum a new coating on the lens surface to provide improved intactness and

durability. .

In accordance with the inventionf the phrase “applying an LbL coating onto the
resultant silicone hydrogel contact lens at a temperature of from about 45°C to about 95°C” is
intended to describe that the LbL coating is formed by contacting the lens with one or more
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LbL coating solutions having a temperature of from about 45°C to about 95°C. The )
temperature of a coating solution is preferably above 50°C; more preferably above about 60°C,
even more preferably above about 70°C, most preferably at about 80°C or above.

In-a preferred embodiment, the cast-molding step is carried out at a temperature of -
from about 45°C to about 95°C. Cast-molding at a relatively high temperature can ensure that
an interfacial film of the non-crosslinkable hydrophilic polymer is formed in a shorter time
period at the interface between a silicone-hydrogel lens-forming material and a mold and that
greater portions of the non-crosslinkable hydrophilic polymer in the interfaciat film can extend

into the polymer matrix of a formed lens. )

In a further aspect, the invention provndes a silicone hydrogel contact lens made
accordmg to a method of the mventron descnbed above .

The prevuous disclosure wull enable one having ordinary Skl" in the art to practlce the-
invention. In order to_better enable the reader to understand spemf ¢ embodiments: and the

‘advantages thereof, reference to the followrng examples |s suggested.

‘Example 1

Synthesns of Macromer :

51.59 (50 mmol) of the perfluoropolyether Fomblin® ZDOL (from Ausmont S.p.A,
Milan) having a mean molecular weight of 1030 g/mol and contalnlng 1 96meq/g of hydroxyl
groups according to end-group titration is mtroduced into a three-neck flask together with
50mg of dibutyltin dilaurate. The flask contents are evacuated to about 20 mbar with stlrrl_ng
and subsequently decompressed with argon. This operation is repeated twice. 22.2g (0.1 mol) .
of freshly distilled isophorone diisooyanate kept under argon are sUbeequently added in' a
counterstream of argon. The temperature in the flask is kept below 30°C by coollin'g with a .
waterbath After stirring overnlght at room temperature, the reaction is complete. Isocyanate
titration glves an NCO content of 1 .40 meq/g (theory: 1.35 meq/g)

202g of the a,co-hydroxypropyl-termlnated polydimethyisiloxane KF-6001 from Shin-
Etsu having a mean molecular weight of 2000g/moi (1.00meq/g of hydroxyl groups according
to t'itration)' are introduced into a flask. The flask contents are evacuated to approx. 0.1mbar.
and ‘decompresseq with argon.' This operation is repeated twice. The degassed siloxane is
dissolved in 202ml of freshly distilled toluene kept under argon, and 100mg of dibutyltin
ditaurate (DBTDL) are added. After complete homogenization of the solution, all the
perfluoropolyether reacted with isophorone diisocyanate (IPDV) is added under argon. After
stirring overnight at room temperature, the reaction is complete. The solvent is stripped off -
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. under a high vacuum at room temperature. Microtitration shows 0.36meq/g of hydroxyl groups:

(theory 0.37meqg/g). ) .

© 13.78g(88. 9mmol) of 2-isocyanatoethyl methacrylate (IEM) are added under argonto
247g of the a,c—hydroxypropyl-termlnated polysiloxane-perfluoropolyether-polysiloxane three-
block copolymer (a three-block copolymer on stoichiometric average, but other block lengths .
are also-present). The mixture is stirred at room temperature for three days. Microtitration
then .no longer shows any isocyanate groups (detectiorr limit 0.01meq/qg). 0.34rneqlg of
methacryl groups is found (theory 0.34meq/g). ) '

The macromer prepared in thls way is completely colorless and clear. It can be stored

-in air at room temperature for several months in the absence of light without any change in

molecular weight.

.- Example 2 .
Lens formulation A1 comprises the following components: about 40.9% by werght of

“macromer prepared in Example 1, about 16.4% by weight of TRIS, about 24.6% by werght of

DMA, about 17.6% by'weight of ethanol, and about 0.5% by weight of Darocure® 1173.

Lens formulation A2 is prepared by adding about 1% by weight of polyvinylpyrrolidone
(PVP K90} in the A1 lens formulation.

Lens Formulation A3 is prepared by adding about 5% by weight of PVP K80 in the A1
lens formulation.

Lens Formulation A4 is prepared by adding about 8% by weight of PVP K90 i in the A1 |
lens formulation. ’

Example 3
Preparation of Polyacrylic acid (PAA) solutrons .
A solution of polyacrylic acid is prepared by adding 1.154 grams (25% PAA solution, 90K, Mw:
72.07 from Polyscience, Inc.) into 4000 ml of water. This solution is divided into 3 parts B1
(337 mI) B2 (3300 ml); and B3 (363 ml). The pH of B1 is adjusted to pH 6.0; the pH of B2 is’
adjusted to pH = 2.0; the pH of B3 i is adjusted to pH = 2.0.

' Preparatlon of Poly(allylamme hydrochlorlde) (PAH) solutions: A solution of PAH of

polyacrylic acid is prepared by adding 0.346 grams PAH (Aldrich Mw~ 70k) in 3700 ml of water
This solution is divided into 2 parts: C1 (330 ml) and C2 (3370 ml). The pH of C1 is adjusted to
pH = 2.0; the pH of C2 is adjusted to pH = 6.0.
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Preparation of PAA/PAH solution: A solution of PAA/PAH is _prepared by slowly adding 330
ml of C1 (PAH, pH =2.0) into 3300 mi of B2 (PAA, pH = 2.0). er thoroughly the resultant
solution and then filter thé solution.

Preparation of PAH/PAA solution: A solution of PAH/PAA is prepared by slowly addiné 337
mi of B1 (PAA, pH = '6.0) into 3370 m! of C2 (PAH, pH = 6.0). Mix thoroughly the resultant
solution and then filter the solution.

Example a4
Thls example teaches the coating procedures used in the experlments .
Presoak the mold halves (or lenses) for 15 minutes in B3 (PAA solutron pH = 2 0)
prepared in Example 3, prior to placing them in a tray (i.e., pre-conditioning step). Load the

"preconditioned mold halves (or lenses) into the carrier trays and agitate for 5 minutes in each

solution bath in the followrng sequence: Bath # 1 PAA/PAH (pH = 2.0); Bath# 2 PAHIPAA {pH"

"= 6.0); Bath # 2 PAA/PAH (pH = 2.0); Bath # 4 PAH/PAA (pH = 6.0); Bath # 5 PAA/PAH (pH =

2.0); Bath # 6 PAH/PAA (pH = 6.0); Bath # 7 PAA/PAH (pH = 2.0); Bath # 8 PAH/PAA (pH =.
6.0); and Bath#9 PAA/PAH (pH = 2.0). Transfer mold halves (or lenses) |nto a salrne ‘

Example §
Surface hvdrophilicitv (wetability) Tests

Water contact angie on a contact lens is a general measure of the surface
hydrophilicity ‘(or wetability) of the contact lens. In particular, a low water contact',a_ngle
corresponds to more hydrophilic surface. Contact angles (water), both advancing and receding
contact angles, of contact lenses are measured by Wilhelmy Plate. The measurements are
performed on fully hydrated contact lenses and immediately after blot-drymg Average contact
angles are obtained by averaging measurements of three contact lenses.

Coating Intactness Tests .

The mtactness of a coating on the surface of a contact lens can be tested according to
Sudan Black stain test as follows. Contact lenses with a coating (an LbL coatlng, a plasma
coating, or any other coatrngs) are dipped into a Sudan Black dye solution (Sudan Black in
vitamin E oil). Sudan Black dye is hydrophobic and has a great tendency to be adsorbed by a '
hydrophobic material or onto a hydrophobic lens surface or hydrophobic spots on a partially
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- coated surface of a hydrophobic lens (e:g., silicone hydrogel contact iens). If the coatingona
hydrophobic lens is intact, no staining spéts should be observed on or in the lens.. All of the
lenses under test are fully hydrated. ' '

Coating Durability Tests

5 ~ The lenses are digitally rubbed 30 times with Aquify® multi-purpose lens care solution
" and then rinsed with Softwear® saline. The digitally rubbed lenses are then soaked in
Softwear® saline for 30 minutes and the procedure repeated until 30 digital rubbing and
séaking cycles had been completed. The lenses are then subjected to Sudan Black test (i.e., '
- coating intactness test described above) to examiné whether the coating is still intact.

L0
. Example 6 .
' Experiments are carried out to determine the surface hydrophilicity of contact lenses
pi'epéred using lens mold halves with an LbL coating and without LblL coating. The results are
_shown in Table |. o '
15 : . Table 1° .
Exp. Lens Coating of | Coating Contact Angles (degrees)
No. Formulation | mold halves | Temperature (°C) |- Advancing Receding
1 Al Yes Room temperature | 1063 493
2 Al ' No N/A ‘1087 54+4
3 A2 No N/A 108 +7 544
4 - A3 No ' N/A 859 558
5 A4 No . N/A 103+3 51+4
6 A2 Yes Room temperature | 724 40 .11
7 - A2 Yes 80 70+9 45+ 8
- 8 A3 : Yes = | Room temperature 46 +£9 407
9. A3 " Yes © 80 - 51%6 488
10 Al No Room temperature 295 | 213
11 Al No 80 206 9+9
B A A4 Yes Room temperature 90 x4 . 439
13% | A4 Yes 80 828 414
14 Al - Yes Room temperature || 116+ 14 538

* At this PVP concentration, PVP did not mix thoroughly with the lens formulation and formed a separate phase.

Polypropylene molds have been used for making lenses. An amount of a lens
formulation is introduced into each polypropylene molds and cured for a desired period of time,
20 . e.g., from about 15 to about 30 minutés, under UV light to form contact lenses.
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Mold halves in experiments 1, 6-9, and 12-13 are coated according to the coating
procedure described in Example 4 at a temperature indicated in Table | (coatlng solution
temperature). The resultant mold halves have theoretically 9% bilayers (PAA](PAH/PAA)g.
Those mold halves are then used to cast mold lenses using a lens formulation indicated in:

Table 1:

Mold halves in experirnent. 14 are coated by spraying coating using a spray mister as

' follows. Molds halve are placed on a tray, misted with the 1% PVP k90 solution, and then -

placed into @n oven set at 45° to dry. Once the mold halves are dry, they are' removed from
the oven and an additional misting is applled on them. This procedure is repeated until a total
of 10 bl-layers of the PVP k90 had been applied. Mold halves are used for the castlng of
lenses from lens formulation A1 prepared m Example 2. Mold-lens assemblies (molded lenses
with mold halves) are released in a PAA solution (pH 2. 0) then extracted for 4 hrs in the PAA
solutnon )

Lenses in experiment lO and 11 are obtained by cast-molding of lens formulation A1 in
mold halves without LbL coating The molded lenses are coated with an LbL coating 'according

to the procedure descrlbed in Example 4. The resultant lenses have theoretlcally 9% bllayers

(PAA/(PAHIPAA)g .

The results in Table | shows that by using a method of invention (i.e., comblnatlon ofa
transferable Lbl. coating on mold halves and incorporation of internal wettlng agentin alens
formulation), see experiments 6-9, contact lenses with wettable coatings can be produced in a
simple, cost effective manner. ’

It is found that the contact-angle hysteresis can be lowered by combination of a
transferable LbL coating on mold halves for making lenses and incorporation of approprlate
amounts of internal wetting agent in a lens formulation (experiments 8-9). Contact-angle
hysteresrs is the difference between the advancing and receding contact angles Contact
angle hysteresrs can be used to charactenze surface heterogeneity. Where the surface ofa
contact lens is not chemlcally homogeneous, there will exist domains with dlfferent
hydrophilicity or hydrophobicity on the surface. Generally, advancmg angles will be sensmve to
the’ hydrophoblc domains and recedlng angles will characterize the hydrophilic domains on the
surface, because as the water advances hydrophobic domains will hinder the advancing
motion of the contact line, thereby increasing the contact angles, while as the water recedes,
the hydrophilic domains will hold back the draining motion of the contact line thus decreasing
the contact angle.
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It is also found that the higher temperature coating temperature may increase the
surface of hydrophilicity of the coating on a contact lens.

‘ Exa'mple 7 y oo
A. An amount of leris formulation A1 (containing no PVP) prepared in Example 2 is introduced
into each polypropylene molds and cured for a desired period of time, e.g., from about 15 to . -
about 30 minutes, under UV light to form contact lenses. The lens molds are not coated with
LbL coating. After molding, Mold-lens aesemblies (molded lenses with mold haives) are

] released in a PAA solution (pH 2.0), then extracted for 4 hrs in the PAA solution. After
.extraction, lenses are autoclaved in phosphate buffer saline (PBS). The averaged contact

angle are determined by Wilhelmy plate. The averaged advancing contact angle is 7845
degrees and the averaged receding contact angle is 3014 degrees.

.B. An amount of lens formulation A2 (containing 1% by weight of PVP) prepared in Example .

2 is introduced into each polypropylene molds and cured for a deeired period of time, e.g.,
from about 15 to about 30 minutes, under UV light to form contact lenses. The lens molds are
ooated with an LbL coating according to the procedure described in Example 4. After molding,
Mold-lens assembties (molded lenses with rﬁold halves) are released in a PAA solution (pH
2.6); then extracted for 4 hrs in the PAA solution. After extraction, lenses are autoclaved in
phosphate buffer saline (PBS). The averaged contact angle are determined by Wilhelmy plate.
The averaged advancmg contact angle is 86.3149.7 degrees and the averaged recedlng
contact angle IS 28.118.8 degrees

C. An amount of lens formulation A3 (containing 5% by weight of PVP) prepared in Example 2
is introduced into each polypropylene molds and cured for a desured penod of time, e.g., from
about 15 to about 30 minutes, under UV light to form contact lenses. The lens molds are '
coated with an LbL coating according to the procedure described in Example 4. After molding,
Mold-lens assemblies (molded lenses with mold halves) are released in a PAA solution (pH - |
2. 0) then extracted for 4 hrs in the PAA solution. After extraction, lenses are autoclaved in

. phosphate buffer saline (PBS). The averaged contact angle are determined by.Wlhelmy plate.

The averaged advancing contact angle is 88.4+3.3 degrees and the averaged receding
contact angle is 19.848.3 degrees,
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D. An amount of lens formulation A1 (containing no PVP) prepared in Example 2 is introduced
into each polypropylene molds and cured for a desired beriod of time, e.g., fronh about 15to -
about 30 minutes, under UV light to form contact lenses. The lens molds are spray-coated with
10 bi-layers of the PVP k90 according to the procedure described in Example 6. After molding,
Mold-lens assemblies (molded lenses with mold halves) are released in a PAA solution (pH
2.0), then extracted for 4 hrs in the PAA solution. After extraction, lenses are autoclaved in
phosphate buffer saline (PBS). ' ‘

All lenses prepared above are subjected to coating ~durabili.ty test as described in
Example 5. It is observed that after 30 digital rubbing and soaking cycles, all of the-tested
lenses have staining spots, but the extent df Sudan Black staihing for the above prepafed
lenses B, C and D is smaller than' that for lenses A. '

Although various embddiments of the invention.have been described using specifjc
terms, devices, and methods, such description is for illustrative purposes only. The words -

'used are words of description rather than of limitation. It is to be understood that changes and-

variations may be made by those skilled in the art without departing from the spirit or sédpe of
the present invention, which is set forth in the following claims. In addition, it should be
understood that aspects of the various embodiments may be interchanged éither in whole or in
part. Therefore, the spirit and scope of the appended claimé should not be limited to the
deécription of the preferred versibns contained therein.
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What is claimed is:

1.. A method for making a silicone hydrogel contact lens, comprising the steps of:

(a)

{b)

©

(d)

(e)

obtaining a mold having a first mold half and a second mold half, wherein the first

. mold. half includes a first molding surface and the second mold half includes a

second molding surface, wherein the first and second mold halves are configured
to receive each other such that a lens-forming cavity is formed between the first
molding surface and the second molding surface;

.applying a first transferable LbL coating to the first molding surface énd a second

transferable LbL coaiin,g to the second molding surface, wherein each of the first
and second transferable LbL coatin'gs comprises at least one layer of a first
polyionic polymeric material and optionally at least one Iéyer of a second pblyionic
material or a non-charged hydrophilic polymer-with a hydrophobic backbone,
wherein the first énd second'polyionic material each have a hydrophobic backbone
and multiple ionizable or charged pendant groups, wherein the first and second

polyionic materials have charges opposife to each 6ther;

dispensing a silicone hydroge! Iené—fdrming fluid material into the lens-forming
cavity of the mold with the first and second transferable LbL coatings on their
moldingéurfaces, wherein the silicone-hydrogel lens-forming material comprises a
non-crosslinkable hydrophilic polymer and at least one member selected from the
g'roup consisting of a silicone-containing vinylic monomer, a silicone-containing
macromer with ethylenically unsaturated groups, a crosslinkable silicorie—containing-
prepolyher, and mixtures thereof, wherein the non-crosslinkable hydrophiiic
polymer is capable of forming an interfacial film at interface between the coated

" molding surfaces and the lens-forming fluid material,

soaking the transferable LbL coaﬁngs with the lens-forming fluid material for a tirri'e

“period sufficient both to allow the non-crosslinkable hydrbphilic polymer in the

interface film penetrate into the transferable LbL coatings and to entangle with
coating materials in the transferable LbL coatings; and .
curing the Iens-forming material within the lens-forming cavity to form the silicone
hydrogel contact lens, whereby the transferable LbL coatingsdetach from the

- molding surfaces and reattaches to the formed silicoh_e hydrogel contact lens such

that said silicone hydrogel contact lens becomes coated with the transferable LbL
coatings,
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wherein the non-crosslinkable hydrophilic polymer has.a molecular welght or structure
that promotes entanglement of the non-crosslinkable hydrophilic ponmer in the
interfacial film with the polymer matrix of the formed lens so as to obtain a wettable
surface coating with a good coating durability characterized by surviving at least five
consecutive digital rubbing tests.

The method of claim 1, \)vherein_ the silicone hydrogel lens-forming fluid material has a
temperature of from about 45°C to about 95°C.

The method of claim 2, wherein each of the first and second transferable LbL coatings
comprises at least one layer of the first polyionic poiymeriq material and at least one
layer 6f the second polyionic. materiaI:

The method of claim 2, wherein each:of the first and second transferablga_ LbL cpéting_s
comprises at least one Iayef of the first polyionic polymeric material and at least one
layer of thé non-charged hydrophilic polymer with a hydrophobic backbone, wherein the
non-charged hydrophilic.polymer is selected from the group consisting of a polyvinyl
alcohol, a homobolymer of a vinyl lactam; a copolymer of at least one vinyl Iaété'm with
one or more'hydrophi'lic vinylic comonomers, and mixtures thereof.

The method of claim 4, wherein the non-charged hydrophilic polymer is a polyvinyl
alcohol, polWinylbyrrolidone, or a mixture thereof.

The method of claim 2, wherein the first and second transferable LbL coatings are
different from each other.

The method of claim 2, wherein the silicone hydrogel lens-forming fluid material
comprises from about 1% to about 8.0 % by weight of the non-crosslinkable hydrophilic
polymer, where'in. the non-crosslinkable hydrophilic polymer is éélectec! from the group
consisting of a polyvinylalcoh&! polyethylene oxide, a polyethylene-polyprdbylen'e block
copolymers polyamldes a polylmldes a polylactone, a homopolymer of a vmyl lactam, a
copolymer of a vinyl Iactam a homopolymer of acrylamide, a homopolymer of
methaacrylamide, a copolymer of acrylamide, a copolymer of methacrylamlde wnth one
or more hydrophilic vinylic monomers, and mixtures thereof, wherein the number- '
average molecular welght M, of a non-crosslinkabie hydrophilic polymer is at least 40000
daltons.

The method 6f claim 2, wh_ere.in the silicone hydrogel lens-forming material furthey
comprises silver nandparticles in‘an amount sufficient to impart to the resultant silicone
hydrogel contact lens an antimicrobial activity characterized by having at least a 5-fold
reduction (=80% inhibition).
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The method of claim 1, wherem the silicone hydrogel lens-forming material comprises a
crosslinkable s:hcone—contannlng prepolymer and is substantially free of vmyhc monomer,
wherem the crosslinkable snhcone—contamlng prepolymer is substantially purified priori to
preparatlon of the silicone-hydrogel Iens—formlng fluid material, wherein the step of curing
is carried out tinder a spatial limitation of actinic radiation to form a contact lens.
A method for maklng for making a silicone hydrogel contact lens, comprlsmg the steps of:
.(a) cast-molding a silicone hydrogel contact lens from a silicone hydrogel lens-forming
.material, wherein the silicone-hydroge! lens-formlng material comprises a non-
crosslinkable hydropiwilic polymer with a hydrophobic backbone ajnd at least one
member selected from the group éonsisting of a silicone-containing vinylic
'monémer. a silicone-~-containing macromer with ethylenically unsaturated g‘roups, a
crosslinkable silicone-containing prepolymer, and mixtures thereof; and
(b) applying an LbL éoating onto the resultant silicone hydrogel contact lens at a
temperature from about 45°C to about 95°C, wherein the LbL coating cdmprises at
least one layer of a first polyionic. polymeric material and optionally at least one
‘ layer of a second polyionic material or a non-charged hydrophiiic polymer with a
hydrophobic backbone, wherein the first and second polyionic material each have a
hydrophoblc backbone and multiple ionizable or charged pendant groups,
wherein the non-crosslmkable hydrophilic polymer has a molecular weight or structure
that promotes entang!ement of the non-crossllnkable hydrophilic polymer in the
interfacial fi Im with the polymer matrix of the formed lens so as to obtain a wettable
surface coatmg with a good coating durablllty characterized by surviving at least five
consecutive digital ru‘bblng tests.
“The method of claim 10, wherein the silicone hydroge! lens-forming fiuid material has a-
temperature of from about 45°C to about 95°C.
The method of claim 11, wherein the LbL coating comprises at least one layer of the first
polyionic polymeric material and at least one Iaye'r of the second bolyionic material.
.The method of claim 11, wherein the LbL coating comprises at least one layer of the first
polyionic polymeric material and at least one Iayer of the non-charged hydrophilic
polymer with a hydrophobic backbone, wherein the non-charged hydropﬁilic polymer is
selected from the group consisting of a polyvinyl alcohol, a homopolymer of a vinyl
lactam, a copolyrﬁer of at least one vinyl lactam with one or more hydrophilic vinylic
comonomers, and mixtures thereof.
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The method of claim 13, wherein the non-charged hydrophilic polymer is a polyvinyl
alcohol, polyvinylpyrrolidoné, or a mixture thereof.

The method of claim 1 1, wherein the silicone hydrogel lens-forming fluid material
comprises from about 1% to about 8.6 % by weight of the non-crosslinkable hydrophilic
polymer, wherein the non-crosslinkable hydrophilic polymer is selected from the group
consisting of a polyvinylélcohol._ a homopolymer of a vinyl lactam, a copolymer of a vinyl
lactam, and mixtures thereof, wherein the number-average molecular weight M,, of anon-
crosslinkable hydrophilic polymer is at least 40000 daltons. .

The method of claim 11, wherein the silicone hydrogel Iens—forming material further
comprfses silver nanoparticles in an a.mount. sufficient to impart to the resultant silicone
hydrogel contact lens an antimicrobial activity characterized by having at least a S-fold
reduction (;80% inhibition).

The method of claim 11 » Wherein the silicone hydrogel lens-forming material comprises a
crosslinkable silicone-containing prepolymer and is substahtially free of vinylic mbndmer,
wherein the crosslinkable silicone-containing prepolymer is substantially puriﬁed priori to
preparation of the sili;::one-hydrogel lens-forming fluid material, wherein the silicone
hydrogel lens-forming material is cured under a spatial limitation of actinic radiation to
form a contact lens.
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