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1
METHODS AND COMPOSITIONS FOR
PIGMENTED HYDROGELS AND CONTACT
LENSES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This disclosure is a continuation application of U.S.
Non-Provisional Application entitled METHODS AND
COMPOSITIONS FOR PIGMENTED HYDROGELS,”
having Ser. No. 16/690,324 filed on Nov. 21, 2019, now U.S.
Pat. No. 11,260,612, which claims the benefit of and priority
to U.S. Provisional Application Ser. No. 62/770,247, filed on
Nov. 21, 2018 the disclosure of which is incorporated herein
by reference in its entirety.

BACKGROUND

Excessive exposure to sunlight or artificial lighting can
cause many ocular ailments and aggravates age-related
ocular diseases. Such exposure can trigger various compli-
cation such as inflammatory response, growth originating
from the bulbar conjunctiva, and Uveal melanoma. Current
protective eyewear devices in the market including UV
blocking and photo-chromatic spectacles can be effective,
but provide for a low level of comfort and inconsistent use
as well as poor or no protection and other wavelengths (high
intensity visible light (400-500 nm)). Thus, there is a need
for developing contact lenses that provide the desired pro-
tection.

SUMMARY

Embodiments of the present disclosure relate to methods
and compositions for preparing colorants useful for prepar-
ing pigmented hydrogels and contact lens, where the pig-
mented hydrogels can include one or more colorants.

In an embodiment, the present disclosure provides for a
method of preparing a contact lens comprising a colorant,
the method comprising: exposing the contact lens one or
more colorants, wherein the colorants are incorporated with
the contact lens, wherein the contact lens comprises a
hydrogel or a silicone-hydrogel, wherein the colorants com-
prise (or consists of or consists essentially of) one or more
of: turmeric, paprika, spinach, woad, or carbon black, or
wherein the colorants comprise one or more of: a carotenoid,
chlorophyll-a, chlorophyll-b, a curcumoid, indigrubin,
indigotin, or indirubin; and separating the contact lens and
the colorant (e.g., residual colorant that is not absorbed). The
present disclosure also provides for a hydrogel or a silicone-
hydrogel prepared according the method described above
and others herein. The present disclosure also provides for a
contact lens comprising a hydrogel or a silicone-hydrogel
prepared according the method described above and others
herein.

In an embodiment, the present disclosure provides for a
method of making contact lens comprising: in situ polym-
erization of a monomer mixture with one or more colorants
to form a hydrogel or a silicone-hydrogel; and forming the
pigmented hydrogel contact lens from the hydrogel or the
silicone-hydrogel, wherein the hydrogel or the silicone-
hydrogel entraps the colorant.

In an embodiment, the present disclosure provides for a
hydrogel or a silicone-hydrogel comprising (or consists of or
consists essentially of) a one or more colorants, wherein the
colorants comprises (or consists of or consists essentially of)
one or more of: turmeric, paprika, spinach, woad, or carbon
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2

black, or wherein the colorants comprise one or more of: a
carotenoid, chlorophyll-a, chlorophyll-b, a curcumoid, indi-
grubin, indigotin, or indirubin.

In an embodiment, the present disclosure provides for a
contact lens comprising one or more colorants, wherein the
colorants comprises (or consists of or consists essentially of)
one or more of: turmeric, paprika, spinach, woad, or carbon
black, or wherein the colorants comprise (or consists of or
consists essentially of) one or more of: a carotenoid, chlo-
rophyll-a, chlorophyll-b, a curcumoid, indigrubin, indigotin,
or indirubin. The contact lens can be made of a hydrogel or
a silicone-hydrogel, wherein the hydrogel or a silicone-
hydrogel entraps the colorants within the hydrogel or a
silicone-hydrogel or the colorants are absorbed onto a sur-
face layer of the contact lens. The contact lens can further
include a hydrophilic ophthalmic drug, vitamin E, or a
combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Many aspects of the present disclosure can be better
understood with reference to the following drawings. The
components in the drawings are not necessarily to scale,
emphasis instead being placed upon clearly illustrating the
principles of the present disclosure. Moreover, in the draw-
ings, like reference numerals designate corresponding parts
throughout the several views.

FIGS. 1A-1D show various potential applications of the
disclosed methods and compositions. FIG. 1A shows a
potential application of pigmented contact lenses as alter-
native occlusion patches for treating amblyopia and correct-
ing refractive errors. FIG. 1B shows a disclosed Class 1 UV
blocking turmeric loaded yellow contact lenses capable of
screening >95% UVA, UVB, and UVC radiations. FIG. 1C
shows disclosed pigmented silicone hydrogels with varying
color intensity imparted by tuning concentration of the
extracted pigment offer a viable treatment option for man-
aging migraines and photophobia. FIG. 1D shows disclosed
silicone hydrogels tinted with pigments extracted from woad
and paprika offer selective filtering of visible light, aiding
CVD patients with enhanced color perception.

FIGS. 2A-2C show disclosed pigmented hydrogels. FIG.
2 A shows a p-hydroxyethyl methacrylate gels tinted with the
extracted pigments by direct entrapment of the pigment in
swollen hydrogels. Gels were soaked in solutions containing
natural pigments extracted by incorporation of 0.5 wt. %-33
wt. % of food colorant loading in ethanol. FIG. 2B shows a
representative figure demonstrating the synthesis of a tinted
lens. FIG. 2C shows photographic images of tinted silicone
hydrogels formulated using the same approach.

FIGS. 3A-3D show experimental absorbance spectra and
corresponding fits of turmeric, spinach powder, paprika and
woad powder, respectively, in the silicone hydrogel matrix.
FIG. 3E shows molar absorptivities of the food colorants
utilized in FIGS. 3A-3D.

FIGS. 4A-4E show representative data for the relationship
between pigment concentration in the solution phase (etha-
nol) and that partitioned in the lens phase.

FIGS. 5A-5F show representative data for the disclosed
hydrogel lenses. FIG. SA shows representative transmittance
spectra of 200 um thick turmeric loaded yellow-pigmented
p-HEMA hydrogel lens with 17.09 pg-1 mg of turmeric
loading/g of dry lens. These gels were synthesized through
dip soaking of pre-polymerized p-HEMA lenses in turmeric/
ethanol solutions. FIG. 5B shows representative transmit-
tance spectra of 200 pum thick turmeric loaded yellow-
pigmented p-HEMA hydrogel lens with 6.54-18.95 pg of
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turmeric loading/g of dry lens. A loss of >50% transmittance
is observed for loadings >20 pg of turmeric loading/g of dry
lens. FIG. 5BC shows a photographic image of batches of
pigmented HEMA monomer solutions and the correspond-
ing hydrogels synthesized by in-situ free radical polymer-
ization. The lenses were pigmented by direct entrapment of
food colorant particles during polymerization. FIG. 5D
shows a representative digital photograph of turmeric loaded
silicone hydrogel lenses stored in PBS medium for 7 days.
A quick ethanol dip was done prior PBS storage to remove
surface deposits from the lenses. No significant pigment
diffusion was observed. FIG. 5E shows representative absor-
bance spectra indicating presence of leached turmeric from
a 200 um thick turmeric powder loaded silicone hydrogel
lens stored in PBS medium for 7 days. FIG. S5F shows
representative data for the effect of sterilization on loss of
pigment from the lens matrix. No significant changes in
transmittance were observed.

FIGS. 6A-6E show representative data pertaining to dis-
closed hydrogel lenses. FIGS. 6A-6D show representative
transmittance spectra of 200 pum thick silicone hydrogel
lenses loaded with 35.91 pg-1.93 mg of turmeric loading/g
of dry lens (yellow), 39.54 ug-1.03 mg of spinach powder
loading/g of dry lens (green), 16.62 ug-268.07 ug of paprika
loading/g of dry lens (orange), and 18.21 pug-209.72 ng of
woad loading/g of dry lens (pink). These gels were synthe-
sized through dip soaking of pre-polymerized silicone lenses
in food colorant/ethanol solutions. FIG. 6 shows represen-
tative transmittance spectra of 200 um thick spinach powder
loaded green-pigmented silicone hydrogel lens after expo-
sure to sunlight for 7 days. 11.18 pg-125.15 pg of spinach
powder/g of dry lens was the resultant pigment mass in the
degraded lenses. An 82.5% degradation of active pigment
extracted from spinach powder induces loss of hue in the
lenses, which potentially limits its application to lenses for
migraine therapy. FIG. 6F shows representative transmit-
tance spectra of 200 pum thick turmeric/spinach powder
loaded silicone hydrogel lens after exposure to sunlight for
7 days. The resultant pigment mass recorded was 68.73
ng-1.38 mg of spinach powder loading/g of dry lens. In
comparison to control spinach powder loaded lenses, a 50%
reduction in degradation of active pigment was observed.

FIGS. 7A-7E show representative photographic images of
disclosed hydrogel lenses on rabbit cadaver eyes. FIG. 7A
shows a representative photographic image of a control
Albino rabbit cadaver eye. FIGS. 7B-7C show representa-
tive photographic images of silicone scleral lens synthesized
by induction of curvature through lens blister packs. The 22
mm scleral lenses were pigmented by soaking control gels in
17.42 wt. % turmeric/ethanol and 8.71 wt. % turmeric/
spinach/ethanol solutions. Photograph of control and tinted
version of the scleral lens placed on Albino rabbit cadaver
eyes to show lens transparency and compatibility. FIG. 7D
shows a representative photographic image of an Air
Optix™ NIGHT & DAY™ AQUA lens that has been
pigmented contact using the disclosed methods and compo-
sitions. FIG. 7E shows a representative photographic image
of an ACUVUE® TruEye® lens that has been pigmented
contact using the disclosed methods and compositions.

FIGS. 8A-8F show representative scanning electron
micrograph (SEM) images of disclosed hydrogels loaded
with disclosed colorants. The SEM images are of a 200 pm
thick silicone hydrogel loaded with turmeric and spinach
powder. These tinted lenses were prepared by soaking in
17.42 wt. % turmeric/ethanol, spinach powder/ethanol and
paprika/ethanol solutions. FIGS. 8A-8B show a specific
cross-section of a turmeric loaded silicone lenses imaged at
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40000X-120000X indicating low or no presence of bound
particles in the matrix. While imaging a different cross-
sectional region (FIGS. 8C-8D) at 120000X magnification
factor, a distinct grain boundary between the non-spherical
turmeric pigment particle and the hydrogel phase is
revealed. Image analysis reveals the average ferret diameter
of these pigment particles to be 50 nm which shows promise
for drug delivery applications. FIGS. 8E-8F correspond to
lenses tinted with spinach and paprika powders indicating
non-specific binding of the phase separated pigment par-
ticles in the lens matrix.

Additional advantages of the present disclosure will be set
forth in part in the description which follows, and in part will
be obvious from the description, or can be learned by
practice of the invention. The advantages of the present
disclosure will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims. It is to be understood that both the
foregoing general description and the following detailed
description are exemplary and explanatory only and are not
restrictive of the invention, as claimed.

DETAILED DESCRIPTION

Many modifications and other embodiments disclosed
herein will come to mind to one skilled in the art to which
the disclosed compositions and methods pertain having the
benefit of the teachings presented in the foregoing descrip-
tions and the associated drawings. Therefore, it is to be
understood that the disclosures are not to be limited to the
specific embodiments disclosed and that modifications and
other embodiments are intended to be included within the
scope of the appended claims. The skilled artisan will
recognize many variants and adaptations of the aspects
described herein. These variants and adaptations are
intended to be included in the teachings of this disclosure
and to be encompassed by the claims herein.

Although specific terms are employed herein, they are
used in a generic and descriptive sense only and not for
purposes of limitation.

As will be apparent to those of skill in the art upon reading
this disclosure, each of the individual embodiments
described and illustrated herein has discrete components and
features which may be readily separated from or combined
with the features of any of the other several embodiments
without departing from the scope or spirit of the present
disclosure.

Any recited method can be carried out in the order of
events recited or in any other order that is logically possible.
That is, unless otherwise expressly stated, it is in no way
intended that any method or aspect set forth herein be
construed as requiring that its steps be performed in a
specific order. Accordingly, where a method claim does not
specifically state in the claims or descriptions that the steps
are to be limited to a specific order, it is no way intended that
an order be inferred, in any respect. This holds for any
possible non-express basis for interpretation, including mat-
ters of logic with respect to arrangement of steps or opera-
tional flow, plain meaning derived from grammatical orga-
nization or punctuation, or the number or type of aspects
described in the specification.

While aspects of the present disclosure can be described
and claimed in a particular statutory class, such as the
system statutory class, this is for convenience only and one
of skill in the art will understand that each aspect of the
present disclosure can be described and claimed in any
statutory class.
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It is also to be understood that the terminology used herein
is for the purpose of describing particular aspects only and
is not intended to be limiting. Unless defined otherwise, all
technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill
in the art to which the disclosed compositions and methods
belong. It will be further understood that terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the specification and relevant art
and should not be interpreted in an idealized or overly
formal sense unless expressly defined herein.

Prior to describing the various aspects of the present
disclosure, the following definitions are provided and should
be used unless otherwise indicated. Additional terms may be
defined elsewhere in the present disclosure.

DEFINITIONS

As used herein, “comprising” is to be interpreted as
specifying the presence of the stated features, integers, steps,
or components as referred to, but does not preclude the
presence or addition of one or more features, integers, steps,
or components, or groups thereof. Moreover, each of the
terms “by”, “comprising,” “comprises”, “comprised of,”
“including,” “includes,” “included,” “involving,”
“involves,” “involved,” and “such as” are used in their open,
non-limiting sense and may be used interchangeably. Fur-
ther, the term “comprising” is intended to include examples
and aspects encompassed by the terms “consisting essen-
tially of” and “consisting of.”” Similarly, the term “consisting
essentially of” is intended to include examples encompassed
by the term “consisting of”. In regard to use of “consisting
essentially of” in regard to colorants, components that do not
effect or substantially effect the color to be imparted to the
hydrogel or the silicone-hydrogel and/or contact lenses or
can be present in an amount that is considered an impurity
for the preparation of hydrogels or the silicone-hydrogel or
contact lenses.

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. Thus, for
example, reference to “a colorant,” or “a lens,” including,
but not limited to, two or more such pigments, colorants, or
lenses, and the like.

It should be noted that ratios, concentrations, amounts,
and other numerical data can be expressed herein in a range
format. It will be further understood that the endpoints of
each of the ranges are significant both in relation to the other
endpoint, and independently of the other endpoint. It is also
understood that there are a number of values disclosed
herein, and that each value is also herein disclosed as
“about” that particular value in addition to the value itself.
For example, if the value “10” is disclosed, then “about 10”
is also disclosed. Ranges can be expressed herein as from
“about” one particular value, and/or to “about” another
particular value. Similarly, when values are expressed as
approximations, by use of the antecedent “about,” it will be
understood that the particular value forms a further aspect.
For example, if the value “about 10” is disclosed, then “10”
is also disclosed.

When a range is expressed, a further aspect includes from
the one particular value and/or to the other particular value.
For example, where the stated range includes one or both of
the limits, ranges excluding either or both of those included
limits are also included in the disclosure, e.g. the phrase “x
to y” includes the range from ‘x’ to ‘y’ as well as the range
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greater than ‘x’ and less than ‘y’. The range can also be
expressed as an upper limit, e.g. ‘about X, y, z, or less’ and
should be interpreted to include the specific ranges of ‘about
x’, ‘about y’, and ‘about 7’ as well as the ranges of ‘less than
x’, less than y’, and ‘less than z’. Likewise, the phrase ‘about
X, V, Z, or greater’ should be interpreted to include the
specific ranges of ‘about x’, ‘about y’, and ‘about z’ as well
as the ranges of ‘greater than x’, greater than y’, and ‘greater
than 7’. In addition, the phrase “about ‘X’ to ‘y’”, where ‘x’
and ‘y’ are numerical values, includes “about ‘x’ to about

It is to be understood that such a range format is used for
convenience and brevity, and thus, should be interpreted in
a flexible manner to include not only the numerical values
explicitly recited as the limits of the range, but also to
include all the individual numerical values or sub-ranges
encompassed within that range as if each numerical value
and sub-range is explicitly recited. To illustrate, a numerical
range of “about 0.1% to 5% should be interpreted to
include not only the explicitly recited values of about 0.1%
to about 5%, but also include individual values (e.g. about
1%, about 2%, about 3%, and about 4%) and the sub-ranges
(e.g. about 0.5% to about 1.1%; about 5% to about 2.4%;
about 0.5% to about 3.2%, and about 0.5% to about 4.4%,
and other possible sub-ranges) within the indicated range.

As used herein, the terms “about,” “approximate,” “at or
about,” and “substantially”” mean that the amount or value in
question can be the exact value or a value that provides
equivalent results or effects as recited in the claims or taught
herein. That is, it is understood that amounts, sizes, formu-
lations, parameters, and other quantities and characteristics
are not and need not be exact, but may be approximate
and/or larger or smaller, as desired, reflecting tolerances,
conversion factors, rounding off, measurement error and the
like, and other factors known to those of skill in the art such
that equivalent results or effects are obtained. In some
circumstances, the value that provides equivalent results or
effects cannot be reasonably determined. In such cases, it is
generally understood, as used herein, that “about” and “at or
about” mean the nominal value indicated +10% variation
unless otherwise indicated or inferred. In general, an
amount, size, formulation, parameter or other quantity or
characteristic is “about,” “approximate,” or “at or about”
whether or not expressly stated to be such. It is understood
that where “about,” “approximate,” or “at or about” is used
before a quantitative value, the parameter also includes the
specific quantitative value itself, unless specifically stated
otherwise.

As used herein, the term “effective amount” refers to an
amount that is sufficient to achieve the desired modification
of a physical property of the composition or material. For
example, an “effective amount” of a colorant refers to an
amount that is sufficient to achieve the desired improvement
in the property modulated by the formulation component,
e.g. achieving the desired level of blocking of a desired
wavelength. The specific level in terms of wt % in a
composition required as an effective amount will depend
upon a variety of factors including the amount and type of
colorant, type of hydrogel or the silicone-hydrogel, level of
target blocking of a desired wavelength, and end use of the
hydrogel or the silicone-hydrogel made using the composi-
tion.

As used herein, the terms “optional” or “optionally”
means that the subsequently described event or circumstance
can or cannot occur, and that the description includes
instances where said event or circumstance occurs and
instances where it does not.
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Unless otherwise specified, temperatures referred to
herein are based on atmospheric pressure (i.e. one atmo-
sphere).

DISCUSSION

Embodiments of the present disclosure relate to methods
and compositions for preparing colorants useful for prepar-
ing pigmented hydrogels or the silicone-hydrogels and pig-
mented contact lenses, where the pigmented hydrogels or
the silicone-hydrogels and pigmented contact lenses can
include one or more colorants. In some instances, the
colorant (e.g., also referred to as pigment) is an extract of an
agro-material, such as turmeric, paprika, spinach, and/or
woad (as well as components of each agro-material that
produce the corresponding color), while the colorant can
also be carbon black, independently or in combination with
the agro-material colorants.

In general, the method of preparing a pigmented contact
lens including a colorant can include exposing a contact lens
(e.g., made of a swellable hydrogel or the silicone-hydrogel)
to one or more colorants to form the pigmented contact lens.
Exposing can include contacting the contact lens and the
colorant(s) for a period of time for the colorant to be
incorporated with the contact lens. In an aspect, the colorant
can be incorporated with the contact lens by being disposed
on the surface of the contact lens, forming a layer (e.g.,
colorant layer or polymer layer including the colorant) on
the contact lens, absorbed into the surface layer of the
contact lens, and the like. In an aspect, absorption can be
accomplished by swelling the contact lens material so the
molecules of the colorant can be absorbed (e.g., infiltrate
into) into the surface layer of the contact lens. The absorp-
tion of the colorant into the surface layer can include
infiltrating of the colorant molecules a short distance into the
contact lens material (e.g., into gaps or voids within the
hydrogel or the silicone-hydrogel), where the distance
depends upon the material of the contact lens, the organic
liquid, the colorant, and conditions (e.g., time and tempera-
ture). For example, the distance can be about 1 to 35% of the
thickness of the contact lens, about 1 to 25% of the thickness
of the contact lens, about 1 to 20% of the thickness of the
contact lens, about 1 to 15% of the thickness of the contact
lens, about 1 to 10% of the thickness of the contact lens, or
about 1 to 5% of the thickness of the contact lens.

In an aspect, the mixing can be done under conditions
(e.g., time and temperature) so that the colorant incorporated
with the contact lens reaching an equilibrium (e.g., with the
contact lens and the colorant). In an example, mixing can
include equilibrating the contact lens (e.g., made of a
hydrogel or silicone-hydrogel) in an organic liquid (e.g.,
ethanol, methanol, isopropyl alcohol, dichloromethane,
chloroform, ethyl acetate, diethyl ether, and combinations
thereof) colorant solution, for example. The organic liquid
solution can cause the hydrogel or the silicone-hydrogel to
swell so the colorants can infiltrate into the hydrogel or the
silicone-hydrogel. For example, the contact lens can be
made of 2-hydroxyethyl methacrylate (HEMA) or silicone
based material as well as other polymer contact lens material
that is described herein and otherwise available. The mixing
or equilibrating can include soaking the contact lens in the
solution for about 2 to 16 hours, about 10 to 14 hours, or
about 12 hours at about room temperature (about 25° C.).
When reference is made to “hydrogel” this also can include
reference to “silicone-hydrogel” as well based on the context
upon which it is used. As a result, the term hydrogel may be
used as opposed to hydrogel or silicon-hydrogel.
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After the desired amount of colorant is incorporated with
the contact lens, the contact lens and the remaining colorant
is solution can be separated. The contact lens can be washed
and stored for later use.

Alternatively, the contact lens can be formed by the in situ
polymerization of a monomer mixture with the colorant
solution including one or more colorants (e.g., in an organic
liquid (e.g., ethanol, methanol, isopropyl alcohol, dichlo-
romethane, chloroform, ethyl acetate, diethyl ether, and
combinations thereof)) to form a contact lens having a
pigmented hydrogel that entraps the colorant. The monomer
mixture can include hydrophilic monomers such as hydroxy-
ethyl methacrylate (HEMA), dimethyl acrylate (DMA),
methacrylic acid, or silicone monomer such as 3-[tris (trim-
ethylsiloxy)silyl]propyl methacrylate (Tris methacrylate), or
polydimethyl siloxane (PDMS), or preferably mixtures of
silicone and hydrophilic monomers, as well as those those
described herein. Additionally, additives such as polyvinyl
alcohol, polyvinyl pyrrolidone, hyaluronic acid, crosslinker
EGDMA—ethylene glycol dimethacrylate, PDMS—ypoly
dimethyl siloxane can be added to the formulation. Hydro-
gels or silicone-hydrogels formed from these monomer are
also included within the types of hydrogel or silicone-
hydrogels that the contact lens can be made of. When
reference is made to “hydrogel” this also can include refer-
ence to “silicone-hydrogel” as well based on the context
upon which it is used.

In an alternative approach, mixing or the in situ polym-
erization can be accomplished by incorporating these colo-
rant by incorporating colorants into nanoparticles (e.g.,
micro-emulsions, liposomes, polymeric nanoparticles, and
the like about 10 to 500 nm or about 10 to 200 nm in
diameter) and using them in the methods described above
and herein.

In an aspect, the colorant can be included in an organic
liquid solution (e.g., ethanol solution). For example, the
ethanol solution can include one or more colorants (e.g.,
turmeric, paprika, spinach, woad, and/or carbon black). In an
aspect, the colorant can be an organic liquid (e.g., ethanol,
methanol, isopropyl alcohol, dichloromethane, chloroform,
ethyl acetate, diethyl ether) extract of turmeric, paprika,
spinach, woad, or combinations thereof. The organic liquid
(e.g., ethanol, methanol, isopropyl alcohol, dichlorometh-
ane, chloroform, ethyl acetate, diethyl ether) extract of
turmeric can include about 0.006 wt. %-5 wt. % of colorant
or about 0.006 wt. %-3.25 wt. % of colorant. The organic
liquid (e.g., ethanol, methanol, isopropyl alcohol, dichlo-
romethane, chloroform, ethyl acetate, diethyl ether) extract
of paprika can include about 0.001 wt. %-6 wt. % of colorant
or about 0.054 wt. %-4.81 wt. % of colorant. The organic
liquid (e.g., ethanol, methanol, isopropyl alcohol, dichlo-
romethane, chloroform, ethyl acetate, diethyl ether) extract
of spinach can include about 0.001 wt. %-6 wt. % of colorant
or about 0.064 wt. %-4.45 wt. % of colorant. The organic
liquid (e.g., ethanol, methanol, isopropyl alcohol, dichlo-
romethane, chloroform, ethyl acetate, diethyl ether) extract
of paprika can include about 0.001 wt. %-0.5 wt. % of
colorant or about 0.002 wt. %-0.022 wt. % of colorant.

In an alternative approach the components in turmeric,
paprika, spinach, and/or woad that provide the color or act
as the colorant can be used instead or in combination with
the turmeric, paprika, spinach, and/or woad. The chemical
components can include carotenoids (e.g., carotene, xantho-
phylls, xanthophyll esters), chlorophyll-a and/or -b, curcu-
moids (e.g., curcumin, dimethoxy curcumin, bisdemethoxy
curcumin), indigrubin, indigotin, and/or indirubin. The
amounts of each of these components would correspond to
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the amount of these chemicals that are provided by the
amounts of turmeric, paprika, spinach, and/or woad as
described above. The amounts of each of these components
in the hydrogel or contact lens would correspond to the
amount of these chemicals that are provided by the amounts
of turmeric, paprika, spinach, and/or woad as described
herein for the hydrogel or contact lens. The components can
be used in an organic liquid solution, in in situ polymeriza-
tion, in nanoparticles, and the like to form the contact lens.

In regard to carbon black, the carbon black can be
incorporated directly adding it at about 0.01 to 1 wt. % or
about 0.3 wt. % in the monomer formulation. Alternatively,
carbon black can be put in solution (e.g., a solvent such as
water, ethanol, methanol, isopropyl alcohol, dichlorometh-
ane, chloroform, ethyl acetate, diethyl ether) where the
solution can include about 0.01 to 5 wt. % of the carbon
black or about 0.01 to 1 wt. % of carbon black.

After the contact lens and the colorant are mixed (e.g.,
equilibrated) the contact lens (also referred to as the “pig-
mented contact lens”) and the colorant can be separated. For
example, the organic liquid used in loading the colorant can
be extracted by drying or soaking the lens in a suitable
buffer. After extraction, the contact lens can be rapidly rinsed
with the organic liquid (e.g., ethanol) to remove the surface
deposits. In addition or alternatively, the pigmented contact
lens can be rinsed with in an isotonic aqueous solution (e.g.,
phosphate-buffered saline (PBS)). In addition, the lens can
be packaged in a buffer or artificial tears.

In general, the method provided herein can be used to
produce a pigmented hydrogel, which can be used to form
a contact lens. In other embodiments, the pigmented hydro-
gel can be used in other articles other than the contact lens.
Discussion herein regarding the contact lens can be applied
to other articles as is appropriate. The pigmented hydrogel
(e.g., the contact lens or other article) can include one or
more colorants, where the colorant comprises one or more
of: turmeric, paprika, spinach, woad, or carbon black and/or
carotenoids (e.g., carotene, xanthophylls, xanthophyll
esters), chlorophyll-a and/or -b, curcumoids (e.g., curcumin,
dimethoxy curcumin, bisdemethoxy curcumin), indigrubin,
indigotin, and/or indirubin.

In an aspect, the amount of colorant (e.g., turmeric,
paprika, spinach, woad, and carbon black) present in the
contact lens or hydrogel can vary depending upon the
desired results. In general, the amount of turmeric in the
contact lens or hydrogel can be about 2 mg/g contact lens or
hydrogel to 700 micrograms/g contact lens or hydrogel or
about 30 micrograms/g contact lens or hydrogel to 700
micrograms/g contact lens or hydrogel. In general, the
amount of spinach in the contact lens or hydrogel can be
about 30 mg/g hydrogel to 600 micrograms/g contact lens or
hydrogel or about 90 micrograms/g contact lens or hydrogel
to 600 micrograms/g contact lens or hydrogel. In general,
the amount of paprika in the contact lens or hydrogel can be
about 15 micrograms/g contact lens or hydrogel to 300
micrograms/g contact lens or hydrogel or about 50 micro-
grams/g contact lens or hydrogel to 300 micrograms/g
contact lens or hydrogel. In general, the amount of woad in
the contact lens or hydrogel can be about 15 micrograms/g
contact lens or hydrogel to 80 micrograms/g contact lens or
hydrogel or about 20 micrograms/g contact lens or hydrogel
to 80 micrograms/g contact lens or hydrogel. The amount of
carotenoids (e.g., carotene, xanthophylls, xanthophyll
esters), chlorophyll-a and/or -b, curcumoids (e.g., curcumin,
dimethoxy curcumin, bisdemethoxy curcumin), indigrubin,
indigotin, and/or indirubin present based on these amounts
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could also be used by directly including one or more of these
compounds as opposed to or in combination with the agro-
material itself.

The colorants disclosed herein can be surface active, i.e.,
many compounds including ophthalmic drugs can bind to
the surface of the particles and or molecules, resulting in an
increase in drug loading and/or release duration. The hydro-
phobic ophthalmic drugs such as cyclosporine, dexametha-
sone, latanoprost, bimatoprost can be co-loaded with the
colorants by adding the drugs to the solution of colorants in
organic liquids. Vitamin E that is used as a diffusion barrier
can also be added to the mixture to result in loading of the
colorants for selective light blocking, vitamin E for con-
trolled release of the drug, and the drug for treatment of
ophthalmic diseases. The typical vitamin E loading desired
ranges from 5% to 40% (w/w) in the dried contact lens.
Hydrophilic drugs such as timolol, dorzolamide, brimoni-
dine, cysteamine can be loaded sequentially, i.e., soaking the
lens already loaded with colorant or colorant and vitamin E
into the drug solution for a 1 hr to 7 days depending on the
time needed for equilibration. The mass of drugs vary
depending on the disease and the duration of release, but on
average amounts range from 100 to 500 microgram. The
presence of the colorant could also help in reducing the
degradation rate of drugs that are prone to degradation.

COMPOSITIONS AND METHODS

The American conference of governmental industrial
hygienists (ACGIH) recommends a threshold UV-A (spec-
tral range of 315 nm-400 nm) ocular exposure limit of less
than 1 MW/cm? for periods greater than 1000 seconds (Refs.
1-3). Excessive exposure to sunlight or artificial lighting can
cause many ocular ailments and aggravates age-related
ocular diseases. UV exposure can trigger serious complica-
tions such as inflammatory response to the corneal endome-
trium (photo keratitis), growth originating from the bulbar
conjunctiva (Pingueculae and ptergygia), and Uveal mela-
noma, a malignant tumor originating from the iris (Refs.
3-5). In adults, IOL blocks UV light, but its ability to
completely phase out the high energy visible (HEV) radia-
tions is likely limited (Ref. 6). The development of IOL
occurs until a young age of 20, and so UV exposure can
potentially hinder the vision of young children (Refs. 7-9).
Modern day kids with access to electronic devices including
laptops and tablets are particularly vulnerable to induced
visual stresses upon prolonged viewing and exposure to
harmful high energy visible (HEV) radiation emitted from
these devices. Though, the current protective eyewear
devices in the market including UV blocking and photo-
chromatic spectacles have proven effective, low comfort and
inconsistent wear time permit possibility of minor UV
exposure (Refs. 4, 10, and 11). Additionally, violet (400-440
nm) and blue (440-500 nm) which comprise the shorter
wavelength and thus high energy part of the visible spectrum
could also cause retinal damage particularly because these
components of the spectrum are not blocked by the cornea
or the intra ocular lens (Ref. 12). Thus, there is a need for
developing contact lenses that block UV as well as high
intensity visible light (400-500 nm).

Another potential application of the tinted contacts
includes treating photophobia and refractive errors in ambly-
opic children. Photophobia is an eye disorder associated
with the patient’s abnormal sensitivity of light preventing
visual acuity during daylight (Refs. 13-18). It also impairs
visual functioning in an illuminated indoor setting. Amblyo-
pia is a medical condition which involves poor visual acuity
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due to immature visual centers in the brain responsible for
visual processing (Refs. 9 and 19-24). With a prevalence of
approximately 2% of the US population, it is one of the
common causes of decreased visual acuity in newborns,
infants and toddlers. The processing of physical objects by
visual centers in the brain through high-resolution images
captured by the retina is critical for visual development in
infants. An orthodox treatment for amblyopia in children
involves occluding or patching the unaffected eye to
improve acuity of the affected eye (Refs. 20-23). Since an
amblyopic eye is misaligned with its neighbor, it is accom-
panied by refractive errors and generates dissimilar retinal
images, which impairs visual development in children. A
pigmented contact lens with a darker hue can also be used
as alternative occlusion patches to treat amblyopic popula-
tion, thereby reducing wear discomfort due to patching for
a prolonged duration. Another more recent treatment for
amblyopia is based on putting on a red colored lens on one
eye and a green colored lens on the other, forcing both eyes
to be functional as the child views red and green images.
Thus, placing a red tinted contact on one eye and a green
tinted lens on the other could be an effective for treating
amblyopia. Innovative binocular iPad treatment and contact
lens treatment have also been proposed for management of
anisometropic amblyopia (Refs. 24-25).

Another indication that can potentially benefit from tinted
contacts is color vision deficiency. About 8-10% of the
current color-blind population, especially 8% of the males
and 0.5% of females have dichromatic vision (Refs. 26-
27).The dichromatic population are classified as red-green
color deficient and blue-yellow color deficient. The two
common subgroups of red-green color deficiency include
deuteranopia and protanopia. Corrective glasses coated with
multiple layers to block a selective bandwidth from the
visible spectrum (~540-570 nm, an overlap between the red
and green color regimes) is recommended to enhance color
perception among CVD population. Though, optical assis-
tive devices like Enchroma glasses are promising for effec-
tive CVD management, their high cost and issues with wear
discomfort are still issues to be addressed (Ref. 28). Tri-
tanopia or blue-yellow color blindness is a rarer form of
color-blindness occurring in ~1% of the male and 0.03% of
the female population (Ref. 26). Contact lenses which can
selectively filter portions of cyan and green light (~450-510
nm) can help CVD patients to discriminate between blue and
yellow hues of the objects that are visually processed. To
achieve blocking of selected wavelength range of light, the
lens matrix could potentially be tinted to transform it to a
multi notch filter.

The extractable pigments that govern the color of natural
food powders perceived could aid in this transfiguration
(Refs. 29-68). Beyond flavoring and dyeing, the agro-food
powders including tumeric, paprika, spinach and woad pow-
ders are commonly considered as nutraceuticals (Refs.
36-38). Studies in the past decade have shown pigments
extracted from these powders to possess multiple health
benefits (Refs. 29, 30, 33, 35, 38, 39, 51, and 63). These
include anticancer, antibacterial properties, improved brain
function (BDNF booster), effective rheumatoid arthritis and
blood pressure management (Refs. 29, 39, and 51). A wide
array of these medicinal benefits has encouraged develop-
ment of efficient and novel extraction methods in the past
decade. These methods commonly involve steam distillation
of plant products or food powders, extraction by dissolution
in organic solvents and supercritical carbon di-oxide (Refs.
30, 34, 40, 41, 43-47, 50-55, 57-63, and 65). Further,
improved HPLC and NMR characterization have enabled
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accurate pigment detection and structural identification
(Refs. 31, 32, 42-44, 46, 48, 49, 52-56, and 66-68). These
hue imparting pigments include (see Refs. 29,32, 35, 44, 60,
and 63): curcumoids (turmeric), carotenoids (paprika), chlo-
rophyll (spinach), and indigotan/indirubin (woad powder).
The potential benefits associated with these pigments for
ocular therapeutics have still not been extensively explored.

The present disclosure pertains to methods and composi-
tions for fabrication of a tinted contact lens that blocks UV,
as well as selected portions of the visible light to address the
indications discussed above. The approach is based on
loading colored pigments extracted from natural agro-prod-
ucts. Without wishing to be bound by a particular theory, it
is believed that the agro-origin of the powders can lead to
improved lens biocompatibility. Moreover, the use of etha-
nol as a medium for extraction can improve the tendency of
an extracted pigment to remain entrapped in the lenses
during storage. The entrapped pigments are significantly
larger than the pore size in the lenses and should not induce
wear scattering of the visible light, thereby retaining clarity.
Based on the specific indications targeted, in the examples
herein below, various extracted pigments were specifically
examined: use of turmeric for blocking high intensity visible
light; spinach and paprika for developing green and red tints;
and woad for developing lenses for CVD patients. FIGS.
1A-1D illustrate the various indications that could benefit
from the methods and compositions for tinted contacts in the
present disclosure.
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Now having described the aspects of the present disclo-
sure, in general, the following Examples describe some
additional aspects of the present disclosure. While aspects of
the present disclosure are described in connection with the
following examples and the corresponding text and figures,
there is no intent to limit aspects of the present disclosure to
this description. On the contrary, the intent is to cover all
alternatives, modifications, and equivalents included within
the spirit and scope of the present disclosure.

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
and description of how the compounds, compositions,
articles, devices and/or methods claimed herein are made
and evaluated, and are intended to be purely exemplary of
the disclosure and are not intended to limit the scope of what
the inventors regard as their disclosure. Efforts have been
made to ensure accuracy with respect to numbers (e.g.
amounts, temperature, etc.), but some errors and deviations
should be accounted for. Unless indicated otherwise, parts
are parts by weight, temperature is in ° C. or is at ambient
temperature, and pressure is at or near atmospheric.

2. Experimental Section
2.1 Materials

The primary constituents of the hydrogels including 2-hy-
droxyethyl methacrylate (HEMA, 97%) monomer, ethylene
glycol dimethyl acrylate (EGDMA), 1-Vinyl-2-pyrrolidi-
none (NVP), and Dimethyl acrylamide (DMA) were pur-
chased from Sigma-Aldrich. 3-Methacryloxy-propyl-tris-
(Trimethyl-siloxy) silane and TRIS monomer were obtained
from Silar (Wilmington, NC, USA). Ocular medications
including timolol maleate (=98%) and dexamethasone
(298%) were purchased from Sigma-Aldrich Chemicals (St.
Louis, MO, USA). The macromer Acryloxy Terminated
Ethylene-oxide Dimethyl-siloxane-Ethylene oxide Aba
Block Copolymer (Product Code: DBE-U12) was purchased
from Gelest Inc. The UV photo initiator Darocur® TPO was
supplied by Ciba Specialty Chemicals (Tarrytown, NY,
USA). Vitamin E (DL-alpha tocopherol, >96%) was pur-
chased from Sigma-Aldrich. The food colorants and veg-
etable powder samples used for the study including turmeric
(UPC:  011433071123), spinach  powder (UPC:
850627005410 885710046216), paprika (UPC:
852664345023) and woad powder were received from Deep
foods (Union, NJ), Hoosier Hill Farm (Fort Wayne, IN),
Trader Joe’s (Gainesville, FL.), and Pure Suds (Clark Sum-
mits, PA). Phosphate buffered saline (PBS), without calcium
and magnesium was purchased from Media-tech, Inc. (Ma-
nassas, VA, USA). The Albino rabbit cadaver eyes used for
the demonstration of tinted lens wear were purchased from
Pel-freez biologics (CA, USA). Ethanol (200 proof) was
purchased from Decon Laboratories Inc. (King of Prussia,
PA, USA). All chemicals were used as received without
further purification.

2.2 Synthesis of Silicone and p-HEMA Hydrogels

The p-HEMA hydrogels were synthesized by free radical
solution polymerization of the monomer through UV photo-
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initiation (Refs. 72-75). The monomer mixture was prepared
by addition of HEMA (2.7 mL), the cross linker EGDMA
(10 uL), and deionized (DI) water (2 mL) in a scintillating
vial. The batch of stirred solution (4.7 mL) was then purged
with compressed nitrogen for 20 minutes to reduce dissolved
oxygen, a potential free-radical scavenger. The photo-initia-
tor, Darocur® TPO (6 mg) was added to the monomer
mixture and subjected to stirring at 300 rpm for 10 minutes
to ensure complete dissolution of the initiator. The solution
was then introduced into a mold comprising of two glass
plates separated by a 200 pum polyester spacer. The mold was
then placed on an Ultraviolet transilluminator UVB-10
(Ultra-Lum, Inc.) and cured by irradiating UVB light (305
nm) for 40 minutes. After polymerization, each gel was
removed from the glass mold and was cut into circular gels
of 18 mm diameter was rinsed and stored in PBS for further
use. UV curing a single batch of monomer mixture yielded
around 12-15 lenses. The same protocol was employed to
synthesize silicone hydrogels from a monomer mixture
batch comprising DMA (0.8 mL), TRIS (0.8 mL), DBE-U12
(0.8 mL), EGDMA (0.1 mL), NVP (0.12 mL), and the
photo-initiator, Darocur® TPO (12 mg).

2.3 Pigment Extraction

The organic food colorants considered in this study are
solid particulate powders at room temperature. The disso-
Iution of food powders in organic solvents was adopted as
the principle extraction procedure (Refs. 29, 34, 41, 57, and
65). The color is due to the presence of pigments that can be
extracted in organic liquids such as ethanol. Powders were
soaked in ethanol (6 mL) at loadings ranging from 0.5 wt. %
to 33 wt. %, and in some cases up to 50% for an extraction
time of 12 hours, after which the pigmented solution was
passed through a syringe filter to screen out the leached
turmeric particles greater than 0.22 pym in size.

The yield, i.e., mass of pigment extracted per gram of
powder was determined by evaporating the solvent and
measuring mass of pigment that was extracted from a given
amount of powder. Specifically, food powders (2 g) were
added to ethanol (6 mL) and mixed briefly for 2-3 minutes
to facilitate dissolution of extractable pigments. After an
extraction time of 12 hours, the organic solvent was passed
through a 0.22 um nylon syringe filter to remove larger food
colorant particles. The colloidal dispersion was kept in a
ventilated enclosure to facilitate evaporation of ethanol at a
room temperature of 25° C. Heating of the pigmented
ethanol solution or retaining extracts in a temperature-
controlled oven was not considered to avoid degradation of
temperature sensitive pigments in spinach powder and
paprika. The mass of the extracted pigment was measured
after ethanol evaporation and used to determine the yield.

2.4 Absorption Spectra of Food Colorants

The potential of extracted pigments to selectively block a
targeted wavelength range was characterized by measuring
the absorbance spectra by UV-Vis spectrophotometry
(Genesys™ 10 UV, Thermo Spectronic, Rochester, NY,
USA) in the spectral range of 200-500 nm. The absorbance
of extracted pigments is determined by its concentration in
the aqueous loading solution and molar absorptivity. The
measured yield from a 1:3 ratio of powder to ethanol was
used to determine the concentration of the extracted pigment
in ethanol. Due to high absorbance of the pigments, serial
dilutions with ethanol were required to yield a calibration
solution with a concentration of 0.053 mg/mL for turmeric,
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0.426 mg/ml. for spinach powder, 0.54 mg/ml for paprika
and 0.26 mg/ml. for woad powder respectively. The Beer-
Lambert’s law describing the relationship between absor-
bance of the food colorants and its corresponding concen-
tration was used to compute the molar absorptivity of the
pigment,

AQ) = £)Clo,

where 1, is the path length (1 cm) and C is the concentration
of the food colorant in ethanol. Next, the absorbance of the
solutions obtained via extraction at lower powder loadings
(0.6 wt. %-17.4 wt. %) and molar absorptivity obtained
earlier was used to estimate the pigment concentration.
Table 1 presents the amount of pigment extracted with
increasing food colorant loadings in ethanol. The relation-
ship between food colorant mass and the extracted pigment
is linear for all food colorant types expect for pigments
extracted from woad powder. The spectra of pigments
extracted from turmeric, spinach powder, paprika, and woad
powder were in agreement with the spectra published in the
literature (Refs. 76-80).

TABLE 1
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2.6 Direct Pigment Entrapment through In Situ
Polymerization

An in situ free radical polymerization approach was also
employed to entrap the pigment and induce a stable tint. The
HEMA or silicone monomer mixture along with dispersed
particles and the ethanol soluble pigment extract was left for
12 hours prior polymerization. The same composition
described in section 2.2 was used along with the addition of
0.5-33 wt. % of turmeric, paprika, woad, and spinach
powder to the monomer mixture.

2.7 Transmittance Measurements of Tinted
p-HEMA and Silicone Hydrogel Lenses

The soft contact lens (p-HEMA/silicone hydrogel) were
taken out of the PBS medium and blotted with a Kimwipe
to remove residual solution on the surface of the lens. The
dried hydrogel was carefully mounted on the outer surface
of the quartz cuvette by forceps without inducing structural
damage to the hydrogel material. The outer surface of the
cuvette chosen for affixing the hydrogel was a region visible
through the cell holder’s aperture to allow exposure to a
monochromatic UV beam for recording the transmittance

loading in 6 ml ethanol (g)

Food Colorant 003 006 01 02 025 05 1 2 3
Type Extracted pigment (mg)

Turmeric 1.68 534 551 11.41 1922 27.77 5821 10696 159.26
Paprika 2.59 557 1043 2398 33.80 62.01 120.83 239.55 —
Spinach powder 3.05 507 813 1511 15.61 33.81 6047 121.19 22095
Woad powder 011 018 029 042 044 0.60 0.76 0.87 1.05

2.5 Incorporation of Pigments into Hydrogel
Lenses

A pre-polymerized p-HEMA or silicone hydrogel lens of
18 mm diameter and ~40 pl, gel volume was introduced into
a scintillation vial containing food colorant/ethanol solution
(6 mL). The concentration of the pigment varied from 0.006
wt. % -3.25 wt. % for turmeric, 0.054 wt. %-4.81 wt. % for
paprika, 0.064 wt. %-4.45 wt. % for spinach powder and,
0.002 wt. %-0.022 wt. % for woad powder.

The soaked gel was left for 12 hours to ensure pigment
equilibration at room temperature (25° C.). The soaking of
p-HEMA and silicone lenses in ethanol causes the pores
present in the hydrogel matrix to swell allowing the pigment
to diffuse into the lens. The swollen pigmented gel was
finally removed from the solution using a tweezer and
air-dried to enable shrinking of the porous hydrogel net-
work. The dried hydrogel was later rinsed with a quick
ethanol dip to extract pigment deposits adsorbed on the
surface of the lenses. The lenses were later rinsed in PBS to
shrink the tinted lenses to their pre-deformed shape and
stored in PBS medium (3 mL) for further experiments.
FIGS. 2A-2C show representative images of solutions con-
taining pigments extracted by incorporation of 0.5 wt. %-33
wt. % of turmeric, paprika, spinach, woad powder, and a 1:1
mixture of turmeric/spinach and turmeric/paprika powders
in ethanol and the corresponding images of tinted p-HEMA
and silicone hydrogel lenses.
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spectra. The transmittance measurements were taken at a 1
nm interval in the spectral bandwidth of 190 nm-1100 nm on
UV-Vis spectrophotometer (GENESYS™ 10 UV, Thermo
Spectronic, Rochester, NY, USA). The spectral bandwidth of
190 nm-1100 nm was chosen to gauge the UV-blocking
capability of the lenses in the UVR range from 190 nm-400
nm, HEV radiation or blue-light filtering ability in the
visible range from 385 nm-500 nm and, its ability to transmit
the rest of visible radiation in the range of 500 nm-700 nm.
The percentage of UV radiation blocked by the tinted soft
contact lenses in the UVR range was quantified for three
spectral subdivisions namely, UVC (190 nm-280 nm), UVB
(280 nm-315 nm) and, UVA (320 nm-400 nm). The mea-
sured transmittance was converted to absorbance:

T
AQ) = ~logio 55

which was then fitted to the Beer Lambert’s law to obtain
concentration of the pigments in the lens. Data in the
range where the pigments absorb strongly was used in
the fitting. The concentration of the food colorant in
both the phases obtained through absorbance measure-
ments were later fit to a linear model:

Clens = kCloading -
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This theoretical model serves as a design tool for deter-
mining what concentration is needed in the loading solution
to achieve the desired concentration in the lens. FIG. 5
shows representative plots indicating a linear relationship
between the pigment concentration in the hydrogel phase
and that in the aqueous loading solution.

2.8 SEM Imaging of Tinted Hydrogel Lenses

To substantiate the presence of pigment-imparting par-
ticles phase separated in the hydrogel matrix, scanning
electron microscopy (SEM) images of pigmented contact
lenses were recorded. Dried hydrogel samples were placed
on a carbon tape mounted on a silicon wafer. The images
were obtained on FEI Nova NanoSEM 430 in the Nanoscale
Research Facility (NRF) at the University of Florida,
Gainesville. Tinted p-HEMA and silicone hydrogels were
sputter coated with an ultra-thin, 10 nm thick layer of
electrically conducting gold-palladium alloy prior high-
resolution SEM imaging. This pre-imaging procedure is
done to prevent charging of hydrogel samples from accu-
mulation of static electric fields. The synthesized hydrogel
specimens were imaged at an accelerating voltage of 10 kV
and a magnification range of 2500x to 120000x.

3. Results and Discussions

3.1. Molar Absorptivity and Food Colorant
Concentration in Tinted Lenses

FIGS. 3A-D show representative data for the measured
absorbance spectra for all the pigmented lenses and the
corresponding fits to Equation 1 used to quantify the amount
of pigment entrapped in the lens phase. FIG. 3E summarizes
the molar absorptivities of turmeric, paprika and spinach
powders. It was observed that paprika, spinach and woad
powder are not effective UV blockers due to low molar
absorptivity values in the UVB and UVA range. Turmeric,
on the other hand with two aborption peaks at 239 and 412
nm respectively shows superior class 1 UV blocking char-
acteristic features. This is further strongly evidenced by the
transmittance measurements of turmeric loaded p-HEMA
and silicone hydrogel lenses with >97% UVA, UVB and
high energy visible (HEV) raditions.

3.2. Transmittance Studies of Pigmented p-HEMA
and Silicone Hydrogel Lenses

FIG. 5A shows the transmission spectra of turmeric
pigment loaded p-HEMA lenses prepared by soaking a 200
um thick pre-polymerized p-HEMA hydrogel lenses in fil-
tered turmeric-ethanol loading solution (6 mL) with loadings
of turmeric in ethanol ranging from 0.5 wt. %-33 wt. %. The
resultant loadings of turmeric partitioned into the p-HEMA
lenses were estimated to be in the range of 17.09 pug-1 mg
of turmeric loading/g of dry lens. The modified lens retained
>90% transmittance from 570 nm-750 nm which corre-
sponds to a yellow-orange-red light band of the visible range
in the electromagnetic spectrum. The benefits of higher
turmeric loadings to generate a darker hue without compro-
mising transparency of the lenses were exploited by this
approach of tinting a pre-polymerized hydrogel. Further, a
more compelling result is the potential classification of these
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designed lenses as class 1 UV blockers with retention of
>90% transparency of visible light in the electromagnetic
spectrum. In addition to blocking >95% of the UVA spec-
trum, pigmented turmeric loaded p-HEMA lenses also pro-
vide an additional benefit of filtering >90% of the high
energy visible radiation whose chronic exposure is harmful
for the retina, thus impacting the processing of physical
objects by visual centers in infants (Ref. 9). A lens diameter
of 18-22 mm ensures complete pupillary coverage which
limits a peripheral glare or intensity shifts that could poten-
tially trigger symptoms related to abnormal vision (Refs.
69-71).

A similar trend is seen for turmeric loaded silicone
hydrogels (FIG. 6A) prepared by soaking control lenses in
turmeric/ethanol solutions, which potentially screens out
>97% of UVA-UVC spectrum with <10% loss of transpar-
ency in the visible light spectrum. In a 2013 neurological
research study, prolonged exposure to blue light evidenced
initiation of cortical spreading depression (CSD), an under-
lying cause for triggering migraine aura through propagation
of neuron activity (Refs. 70-71). The yellow-tinted lenses
with its ability to phase out >97% HEV radiation is well-
suited to serve as ophthalmic devices for migraine preven-
tive therapy. In comparison to p-HEMA lenses, silicone
hydrogels are more effective UV-blockers with >60% cumu-
lative UV radiation screening for lower turmeric loading of
43.20 pg/g silicone in the hydrogels. Since the microstruc-
ture of silicone hydrogels contain co-continuous morphol-
ogy comprising of DMA and TRIS, the adsorbed hydropho-
bic turmeric likely partitions into the polymerized TRIS
phase, thus forming localized turmeric-rich zones with high
UV-blocking capacity. An 18% excess loading of turmeric in
silicone hydrogels in comparison to turmeric loaded
p-HEMA gels supports this hypothesis.

FIG. 6B shows transmittance data for silicone lenses
tinted with different loadings of spinach powder generating
a green hue. Transmittance measurements were taken 24
hours after lens preparation. p-HEMA and silicone hydrogel
lenses with >1 mg of spinach powder loading exhibit class
1 UV blocking characteristics with >70% screening of HEV
radiations. Silicone hydrogels loaded with 336.35 ng of
spinach powder show an average of 24% reduction in
green-yellow light band with selective filtering of a longer-
range bandwidth (near-red region). Such exclusive features
of the green-tinted lenses, along with their ability to filter
visible radiation from selective wavelength bandwidth,
show their potential as optical devices designed for migraine
therapy. A major limitation involved with spinach powder
loaded lenses is the reduction in tint due to degradation of
the extracted pigment after a week’s exposure of these
lenses to sunlight. A green-tinted lens with a 1 mg spinach
powder/g dry lens loading shows an 82.46% degradation of
the active pigment in these lenses (FIG. 6E). Another
potential drawback caused by pigment degradation is the
transmission of >20% UVA radiation which contravenes
with the FDA guidelines requiring >95% filtering of the
same. Table 2 summarizes the amount of active extract in the
lenses loaded with spinach powder after a 7-day PBS
storage. An 82.46% degradation in the spinach powder
extract is observed.
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% Degradation in spinach powder green-tinted silicone hydrogel lenses

Food Colorant Loading

in 6 ml ethanol/g 0.03 0.06 0.1 0.2 0.5 1
Spinach mass in lenses 39.542  92.731 1504 336.36 495 1038
after preparation/[ng/g]

Spinach mass in 11.184  14.059  30.953 48.667 72.722 12516
degraded lenses/[ug/g]

Volume of lens/(uL) 484 47.4 46.5 47.7 46.7 48
Spinach concentration/(ug/mL) 11.184 14.059 30953 48.667 72.722 125.16
% Degradation 71.717 84.84 7942 85531 85.309 87.943

To reduce degradation of the spinach pigment, turmeric ;5 6C-6D indicate that these pigments promote selective

was added to the spinach/ethanol solution to extract a
combination of pigments from both the food colorants. The
motive behind turmeric’s addition is its high stability under
prolonged sunlight exposure and its effective HEV blocking

capacity which can potentially retard the degradation of 20

spinach pigment extract. FIG. 6F shows the representative
transmittance spectra of 200 pum thick turmeric/spinach
powder loaded green-pigmented silicone hydrogel lens after
exposure to sunlight for 7 days. The transmittance measure-
ments of pigments extracted from a 1:1 mixture of turmeric
and spinach (2.4 wt. %-15 wt. %) in ethanol indicate a 50%
reduction in degradation of spinach in these lenses. Other
food colorants including woad powder and paprika were
also used to render the lenses with a pink and orange hue
respectively. Transmittance measurements shown in FIGS.
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absorption of a narrow range of wavelengths (430-500 nm
and 490-625 nm), thereby reducing overlap between red-
green and blue-yellow colors. This aids in enhanced color
perception and can serve as a potential optical device for
people with Deutranopia. Tritanopia or blue-yellow color
blindness is a rarer form of color-blindness occurring in ~1%
of the male and 0.03% of the female population. Silicone
hydrogels tinted with paprika promotes a yellow-orange tint
to the hydrogel, which can selectively filter portions of cyan
and green light (~450-510 nm), thus aiding CVD patients to
discriminate between blue and yellow hues of the objects
that are visually processed. A summary of common eye
disorders and tinted lenses synthesized for their effective
treatment is presented in Table 3. The characteristic wave-
length range blocked to achieve therapeutic effect is also
summarized.

TABLE 3

Type of Indication

Wavelength range

Lens type filtered (nm) Therapeutic effect

Retinal damage from

uv exposure

Migraine/
Photophobia

Amblyopia

Color Vision

Deficiency (CVD)

Class 1 UV Blockers
with >95% blocking of
the UVR spectrum.
Effective in preventing
retinal damage.

Turmeric (T)
silicone/p-HEMA
lenses

190-495 nm (T)

Spinach (S),
Paprika (P),
Turmeric/spinach
(T/8), and
Turmeric/Paprika
(T/P) silicone
lenses

Spinach (S),
Paprika (P) and
Turmeric (T)
silicone lenses

Paprika (P)
and Woad (W)
silicone lenses

190-450 nm &
620-650 nm (S),
190-495 nm &
620-650 nm (T/S),
190-550 nm (P),
190-490 nm (T/P)

190-450 nm and
620-650 nm (8S),
190-550 nm (P),
190-495 nm (T)

473-622 nm (W) and
450-520 nm (P)

UV Blockers with >70%
blocking of UVR
spectrum and >20%
blocking of visible
spectra aiding in
reduction of light
intensity. Effective in
reducing the

frequency of attacks
among migraineurs.
UV blockers with >70%
blocking of UVR
spectrum minimizes
retinal damage, critical
among the aging infant
population. Effective
occlusion patches and
refractive error
correction lenses.

Lens pair with different
tints effective for
correcting the
amblyopic eye through
forced focus on
specific images.
Selective filtering of
aiding enhanced color
perception among
CVD patients.
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FIG. 5B shows the transmission spectra of tinted
p-HEMA hydrogel lenses designed through direct incorpo-
ration of different turmeric loadings in HEMA/water mono-
mer mixture (FIG. 5C) prior polymerization. Transmission
spectra of 200 um thick p-HEMA tinted lenses with 6.54-
18.95 pg of turmeric loading/g of dry lens exhibit potential
for a class 2 UV-blocking lenses with additional HEV
radiation filtering, but falls short of FDA guidelines due to
>20% transmission of UVB radiation. Higher turmeric load-
ings >65 pg of turmeric loading/g of dry lens resolve the
issue with >95% UV radiation filtering but, affects the
transmission of visible light and transparency of the fabri-
cated lenses. The loss of transparency in the lenses for higher
turmeric loadings could potentially be attributed to the phase
separation of extracted pigment during free radical polym-
erization of HEMA. The phase separated pigment form
particles leading to aggregation. To overcome aggregation of
particles within the monomer mixture in the mold during
polymerization, the mass of photo initiator, Darocur TPO
was increased to enhance the rate of polymerization. It was
observed that the time scale for aggregation was faster in
comparison to the rate of polymerization of the hydrogel
phase even when the concentration of the initiator was
increased to 1 wt. %. The addition of the photo initiator more
than 1 wt. % resulted in a turbid HEMA monomer mixture
which resulted in translucent hydrogels. A loss of >50%
transmission of visible light for higher turmeric loadings
makes it a less attractive route to fabricate UV-blocking
lenses and was not further employed for rest of the food
colorants.

3.3. Pigmented Commercial and Scleral Lenses

The size and shape of fabricated tinted lenses could
potentially be tailored for synthesizing scleral lens for
patients suffering from conditions like Keratoconus, an
irregular corneal surface. FIG. 7B shows lab-made scleral
lenses placed on the surface of a control Albino rabbit
cadaver eye (FIG. 7A). The scleral lenses were synthesized
by polymerizing silicone monomers described in section 2.2
in ACUVUE® OASYS® commercial blister packs to
induce curvature. Tinted scleral lenses of 18-20 mm diam-
eter ensures complete pupillary coverage, thus limiting a
peripheral glare or intensity shifts that could potentially
trigger symptoms related to photophobia. The fabricated
scleral lenses presented in the figures were tinted with
extracted pigments from turmeric and spinach powders.
FIG. 7C demonstrates the induction of tint to commercial
lens brands including ACUVUE® TruEye® and Air
Optix™ NIGHT & DAY™ AQUA. Transparent tinted lens
synthesized with ACUVUE® TruEye® and Air Optix™
NIGHT & DAY™ AQUA show promise of effective and
efficient integration of the pigment in commercial lenses.

3.4. Pigment Leaching and Effect of Lens
Sterilization on UV Blocking

Organic food colorants used in this study namely turmeric
and woad powder are known for their medicinal properties.
Bio-active components in turmeric possess anti-inflamma-
tory, anti-cancer and anti-microbial properties. Curcumin, a
principal pigment in turmeric is linked to improved brain
function (BDNF booster), effective rheumatoid arthritis and
blood pressure management. Though no studies reveal or
raise the cytotoxicity concerns of turmeric diffusion into the
tear film, preventing pigment leaching from these biocom-
patible devices is usually preferred to minimize the potential
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for toxicity. The potential for release of the pigment was
measured from turmeric-tinted lenses by storing the lenses
in PBS medium (3 mL) for 7 days. Before storing the lenses
in PBS, the tinted lenses were rinsed in ethanol for ~10 s to
remove the surface adsorbed turmeric deposits. These sili-
cone lenses were air-dried and immersed in PBS medium (3
ml) to monitor leaching of turmeric pigment embedded
within the hydrogel matrix as shown in FIG. 5D. FIG. 5E
presents the UV spectra of turmeric pigment leached from
the surface of the tinted lenses after 7 days of PBS storage.
The release data indicates negligible pigment diffusion in the
measured UV range, indicating that most of the pigment in
entrapped within the hydrogel matrix. The transmittance of
the turmeric and woad powder loaded lenses were measured
again to examine >95% retention of UV blocking charac-
teristics after pigment leaching in the PBS medium. The
effect of sterilization of the contact lens on stability of the
pigment was also examined. The yellow-tinted lenses stored
in a 3 mL PBS medium were sterilized by placing them in
an oven pre-heated to 100° C. for 3 hrs. The transmittance
data shown in FIG. SF for both turmeric loaded lenses and
turmeric/paprika loaded lenses show negligible change indi-
cating preservation of UV-blocking characteristics and a
stable tint.

3.5. SEM Images of Pigmented Silicone Hydrogels

The pigmented hydrogel matrices were imaged by SEM
to inspect the presence of precipitated pigment particles in
the polymer matrix. The pigmented silicone hydrogels
samples imaged by SEM were synthesized by soaking the
control lenses in 17.42 wt. % turmeric/ethanol, spinach
powder/ethanol, and paprika/ethanol powder solutions
respectively. SEM image of turmeric loaded silicone lens
(FIG. 8A) does not reveal presence of particles in the
hydrogel matrix at 40000X magnification factor. Investiga-
tion of a different cross-sectional area in the hydrogel matrix
revealed presence of non-spherical particles at a magnifica-
tion factor of 60000-120000X (FIGS. 8B-8D). The particle
size characterization done in Imagel software revealed a
Feret diameter of 50 nm with a 1:1 aspect ratio. Though, the
geometric properties of these particles does not impact
extended drug delivery, potential binding of certain drugs to
these hydrophobic particles may find applications in con-
trolled delivery. The dimensions of the largest bound particle
analyzed at 120000X in the silicone hydrogels is less than 86
nm, which will still not scatter significant light while the
smallest sizes are too large to diffuse out of the lenses.
Similarly, SEM images respresented in FIGS. 8E-8F taken at
120000X correspond to lenses tinted with spinach and
paprika powders show presence of particles in the lens
matrix.

The pigment from the agro products considered here was
extracted into ethanol. The ethanol soluble pigment is ideal
for incorporation into contact lenses to produce tinted
lenses. The swelling of the p-HEMA and silicone lens in
ethanol allows direct entrapment of the pigment in the
hydrogel phase. The pigments are larger than the pores in the
hydrogel which allow effective retention with negligible
leaching. A 400 pg-1 mg turmeric loaded p-HEMA and
silicone hydrogels act as class 1 UV blockers with retention
of >90% transparency of visible light in the electromagnetic
spectrum. In addition to blocking >95% of the UVA spec-
trum, pigmented turmeric loaded p-HEMA lenses also pro-
vide an additional benefit of filtering >90% of the high
energy visible radiation whose chronic exposure is harmful
for the retina. Spinach, paprika and woad powder loaded
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silicone lenses impart different shades mitigating >20%
visible light transmission from selective wavelengths. They
can potentially be used for treating photophobia, a symptom
of severe migraine attacks, managing color deficient vision.

Silicone lenses with loadings >1 mg/g food colorant also 5

find practical use in Amblyopia therapy.
Table 4 below summarizes food colorant composition and
extraction information, along with associated references.
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3. The contact lens of claim 1, further comprising a
hydrogel, wherein the hydrogel entraps the colorants within
the hydrogel or the colorants are absorbed onto a surface
layer of the contact lens.

4. The contact lens of claim 1, further comprising a

hydrophilic ophthalmic drug, a hydrophobic ophthalmic
drug, vitamin E, or a combination thereof.

TABLE 4
Food Extraction
Colorant ~ Color*  Composition References®* Technique References™*
Turmeric ~ Yellow Curcumoids Refs. 29, 31, Soxhlet Refs. 29, 32,
Curcumoid composition 32, 34, 35,  extraction of 34, 39, and 76
42-60% Curcumin and 39 ground
24-30% turmeric in
Demethoxy organic
curcumin solvents
10-34%
Bisdemethoxy
curcumin
Paprika Orange Carotenoids Refs. 40-54  Dissolution of Refs. 41, 43-
Carotenoid composition ground paprika 50, 78, and 80
10-26.8% p- powder in
Carotene organic
24.2% solvents
Kanthophylls
and isomers
49% Xanthophyll
esters
Spinach Green  Chlorophyll-a and Refs. 57-62  Dissolution of Refs. 57-62
powder Chlorophyll-b ground and 77-78
spinach
powder in
organic
solvents
Woad Pink Indigorubin Refs. 63 and Soxhlet Refs. 65-66
powder 65-68 extraction of  and 79
powdered

Isatis tinctoria
leaves in
organic
solvents

#Color imparted to the lens.
*References pertaining to characterization of pigment composition.
**References pertaining to pigment spectral information.

It should be emphasized that the above-described embodi-
ments of the present disclosure are merely possible
examples of implementations set forth for a clear under-
standing of the principles of the disclosure. Many variations
and modifications may be made to the above-described
embodiment(s) without departing substantially from the
spirit and principles of the disclosure. All such modifications
and variations are intended to be included herein within the
scope of this disclosure and protected by the following
claims.

What is claimed is:

1. A contact lens comprising a three or more colorants,
wherein the colorants comprises woad and two or more of:
turmeric, paprika, spinach, or carbon black.

2. The contact lens of claim 1, wherein the amount of
turmeric, when present, in the hydrogel is about 2 mg/g
hydrogel to 700 micrograms/g hydrogel or the amount of
spinach, when present, in the hydrogel is about 30 mg/g
hydrogel to 600 micrograms/g hydrogel or the amount of
paprika, when present, in the hydrogel is about 15 micro-
grams/g hydrogel to 300 micrograms/g hydrogel, and
wherein the amount of woad in the hydrogel is about 15
micrograms/g hydrogel to 80 micrograms/g hydrogel.
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5. A contact lens comprising a three or more colorants,
wherein the colorants comprise spinach, woad, and one or
more of: turmeric or paprika, wherein the amount of tur-
meric, when present, in the hydrogel is about 2 mg/g
hydrogel to 700 micrograms/g hydrogel or the amount of
paprika, when present, in the hydrogel is about 15 micro-
grams/g hydrogel to 300 micrograms/g hydrogel; wherein
the amount of spinach in the hydrogel is about 30 mg/g
hydrogel to 600 micrograms/g hydrogel and wherein the
amount of woad in the hydrogel is about 15 micrograms/g
hydrogel to 80 microdrams/d hydrogel.

6. The contact lens of claim 5, wherein the colorants
comprise turmeric, wherein the amount of turmeric in the
hydrogel is about 2 mg/g hydrogel to 700 micrograms/g
hydrogel.

7. The contact lens of claim 5, wherein the colorant
colorants comprise paprika, wherein the amount of paprika
in the hydrogel is about 15 micrograms/g hydrogel to 300
micrograms/g hydrogel.

8. The contact lens of claim 5, wherein the colorants
comprise spinach, woad, turmeric, and paprika.

9. The contact lens of claim 5, wherein the colorants
consist of spinach, woad, turmeric, and paprika.
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10. The contact lens of claim 5, further comprising a
hydrogel, wherein the hydrogel entraps the colorants within
the hydrogel or the colorants are absorbed onto a surface
layer of the contact lens.

11. The contact lens of claim 5, further comprising a
hydrophilic ophthalmic drug, a hydrophobic ophthalmic
drug, vitamin E, or a combination thereof.

12. The contact lens of claim 5, further comprising
vitamin E, wherein the vitamin E loading is 5% to 40%
(w/w) in the contact lens.

#* #* #* #* #*
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