J. Integrative Natural Sci.
Vol.17, No.4 (2024) pp.157-167
https://doi.org/10.13160/ricns.2024.17.4.157

Comparative Analysis of Functional Hydrogel Lens
Containing Gallate and Carotenoid Groups

Seong Hoon Bang and A-Young Sung'

Department of Optomeiry & Vision Science, Daegu Catholic University

Abstract

The physical and optical properties of functional hydrogel lenses manufactured using
Gallate and Carotenoid group materials as additives for hydrogel lenses were analyzed. In
order to manufacture a hydrogel lens, a hydrophilic monomer, HEMA (2-hydroxyethyl
methacrylate), a cross-linker EGDMA (ethylene glycol dimethacrylate), and a photoinitiator
2H2M (2-hydroxy-2-methylpropyphenone) were used. Additives such as Epigallocatechin
gallate, Octyl gallate, and Astaxanthin were added to the basic mixed solution at a ratio,
respectively, and photopolymerized with a wavelength of 365 nm for 40 seconds by a
cast mold method. The Carotenoid material produced a nano dispersion through the
solvent substitution method, and the physical properties of the manufactured contact lens
were evaluated by measuring refractive index, water content, spectral transmittance, and
contact angle to analyze the changes in physical properties according to the material.
Hydrogel contact lenses using the gallate group showed increased wettability and high UV
blocking ability compared to Dbase hydrogel lenses. In addition, lenses with
epigallocatechin gallate added produced a gradually darker pink color as the amount
added increased. Hydrogel lenses using carotenoid nano dispersions showed an increase in
both refractive index and water content, and a tendency toward higher wettability. In
addition, contact lenses manufactured using an optimized blending ratio of gallate and
carotenoid showed increased refractive index, water content, and wettability, as well as
antibacterial function and improved UV blocking ability. Hydrogel lenses are manufactured
by adding gallate and carotenoid to basic lens material in the ratio can be used as
functional medical eye materials with high refractive index, water content, wettability, UV
blocking properties, and antibacterial properties.
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1. Introduction

Hydrogel lenses used for visual function
correction have been released in various
designs, materials, and types, and the
number of people using them for various
purposes such as treatment and beauty as
well as vision correction is increasing'’.

Therefore, contact As the use of Ienses

increases, various studies are being
conducted to improve negative aspects such
as side effects and discomfort'?!,
Additionally, the development of new

materials  with  various
wettability,

antibacterial properties, UV protection, and

contact lens
functions such as  high

oxygen permeability is being developed.

Progress is being made actively® ™.

Nanoparticles can demonstrate the best
characteristics and performance with a

minimized size and amount, and are a

material that is attracting attention in
various industrial fields for its various
effects such as coloring, antibacterial

properties, UV protection, strength, and

stability’™. ~Astaxanthin is extracted from
seaweed and crustaceans, has a red color,
and is classified into the carotenoid family.
It has a structure similar to [3-carotein and
groups. It also

has two carboxyl

strengthens immunity and relieves peripheral

[7].

fatigue in muscle tissue'" Carotenoids are

not water soluble, and this property hinders
their absorption by the body due to their
various anti-cancer

advantages, including

effects, eye protection, and antioxidant

properties. To overcome these problems,

nanotechnology can improve the
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bioavailability and absorbability of

lipophilic compounds!® !, Solvent
displacement is a low energy approach that
of heat

separates  the

prevents loss and degradation

sensitive  substances and
organic and aqueous phases. It is a simple

method of
10]

mixing under  magnetic

stirring[ Therefore, in this study, a
solvent substitution method was used to
Gallate, a

substance widely used in various fields as

produce  nano-dispersions.
an antioxidant material, has an antioxidant
effect, so it is more effective than other
heat-stable!'!).
ophthalmic

antioxidants and is
Additionally, as an medical
material, it increases wettability and has a
UV-blocking  function!'?,

gallate,

Epigallocatechin
known as the main bioactive
ingredient of green tea, is a polyphenol
substance and has been shown to have
excellent antibacterial effects in removing
free radicals and to have antithrombotic,
anticancer, antiinflammatory, and antioxidant

functions!'*.

Antioxidants are a type of
compound that has the ability to prevent or
slow down the oxidation reaction of other
substances!'.  Octyl  Gallate is an
antioxidant that can be added to foods to
inhibit oxidation. In addition, it has been
a food additive

including  the
sl g

approved as in  many

countries and  regions,
European Union (EU) and Australia n
this study, the nano-dispersion produced by
the solvent substitution was applied to
hydrogel lenses, and gallate and carotenoid
materials were used for functional purposes.
Used as an additive. In addition, contact

lenses were manufactured by
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photopolymerization and their physical

properties were evaluated.

2. Materials and Methods

2.1. Reagents and Materials

To manufacture hydrogel lenses, the main
material, the hydrophilic monomer HEMA
(2-hydroxyethyl methacrylate), the cross-
linking agent EGDMA (Ethylene glycol di-
methacrylate), and the photoinitiator 2H2M
(2-hydroxy-2-methylpropiophenone) were all
products from Sigma-Aldrich. Epigallocatechin
gallate, octyl gallate, and astaxanthin used
as additives were all from Sigma-Aldrich,
and the structural formulas of the additives
used in the shown in
Fig. 1.

experiment are

Oy_OCH,(CH,)sCH3

HO OH

(©)

Fig. 1. Chemical structures of additives. (a)
Epigallocatechin gallate, (b) Octyl gallate, (c)
Astaxanthin.

2.2. Experimental method

In order to produce the hydrogel used in
this  experiment, hydrophilic = monomer
HEMA, cross-binding agent EGDMA, and
photoinitiator 2H2M were determined as the
contact

basic blending ratio. Hydrogel

lenses manufactured using HEMA were
named Ref, and contact lenses were
manufactured by adding additives

Epigallocate chingallate, Octyl gallate, and
Astaxanthin to a mixture of 1%, 5%, and
10% respectively. For the experiment of
Gallate and
Carotenoid at 1% was fixed and Gallate at
1% and 5% and 10% were added
respectively to produce contact lenses. The

combining Carotenoid,

organic phase was produced by dissolving
1% of Carotenoid in acetone and 0.1%
surfactant in deionized water to add
Carotenoid to the nano dispersion solution.
The organic phase was then added to the
aqueous phase in a 1:9 ratio.10) The lenses
Gallate and

Carotenoid to the basic hydrogel in the

manufactured by adding
appropriate ratio were named E 1, E 5,
E 10, O 1, OS5, 010, A1, A5 and
A 10, respectively. The lenses manufactured
by combining Gallate and Carotenoid were
named Ae I, Ae 5, Ae 10, Ao 1, Ao 5,
and Ao 10, respectively. The contact lenses
were manufactured by photopolymerization
using a cast mold method with light of
365 nm wavelength for 40 seconds. The
compounding ratios of the contact lens
samples used in the experiment are shown
in Table 1.

J. Integrative Natural Sci., Vol. 17, No. 4, 2024



160 Seong Hoon Bang and A—Young Sung

Table 1. Percent compositions of samples
containing Gallate and Carotenoid grouparotenoid
group

(Unit : wt%)

Saope HEMA EGDMA 22M A B O  Total

Ref 9852 09 049 - - - 10000
09
E1l 97.56 0% 049 - g - 10000
46
ES B0 04 047 - 9 - 10000
89
E 10 8.69 090 045 - ; - 10000
09
01 97.56 (% 049 - - g 100.00
46
05 B0 04 047 - - 9 100.00
89
010 8.69 090 045 - - ; 100.00
09
Al 97.56 098 049 g - - 10000
46
AS B 0% 047 9 - - 10000
89
A 10 8.69 090 045 ; - - 10000
09 09
Ae 1 9.62 097 0438 ; ; - 10000
09 46
Ae S 9B.02 093 047 N 5 - 10000
08 88
Ae 10 &.89 089 044 9 9 - 10000
09 09
Ao 1 9%.62 097 048 ; - . 100.00
09 46
Ao 5 93.02 093 047 3 - 5 100.00
08 88
Ao 10 &.89 089 044 9 - 9 100.00

Y Astaxanthin, ?Epigallocatechin, YOctyl gallate

2.3. Instruments and analysis

The manufactured hydrogel lenses were
used in the experiment after being hydrated
in 0.9% NaCl physiological saline for 24
hours, respectively, and the refractive index,
moisture content, spectral transmittance,
contact angle, and antibacterial properties of

the lenses were measured, respectively. In
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order to analyze the optical properties of
the manufactured samples, it was measured
using Agilent Co. Cary 60 UV-vis, and the
spectral transmittance of the UV-B region
(280-315 nm), UV-A region (315-380 nm),
and visible light region (380-780 nm),
which are the criteria for ISO 8599: 1994
(Optics of the
Spectral and Luminous Transmission), were

and Optical Instruments
measured, respectively. In order to measure
the refractive index of the prepared
samples, an ABBE refractometer (ATAGO
NAR IT, JAPAN) was used and measured
based on ISO 18369-4:2006. Water content
was measured by gravimetric method based
on ISO 18369-4:2006 using an electronic
scale Ohaus (PAG 214C, USA). In order
to measure the contact angle, it was
measured using SEO's Phoenix-300 touch
instrument. After removing an appropriate
amount of moisture from the surface of the
lens, a message drop method was used to
measure the spreading angle by dropping
distilled water on the surface of the lens in
a flat state. For the

antimicrobial

evaluation of
activities against S. aureus
and E. coli, the cultured microorganisms
were compared and analyzed using a dry
film (3M Petrifilm) medium. Each 1 mL of
the sample hydrated with bacteria in 0.9%
NaCl saline solution in the medium for 24
hours was smeared on a dry film and
cultured at 35+1°C for 24 hours. SEM
measurement was used to confirm the
shape of the nanoparticles distributed in the
prepared contact lenses, and FE-SEM
(JSM-7500F+EDS, Oxford) was used. All

experiments were performed by measuring
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5 times per sample and calculating the
average value.
3. Results and Discussions

3.1. Characteristics
gallate group

of hydrogel with

3.1.1. Refractive index and water content
As a result of measuring the refractive
content of  the

index and water

manufactured hydrogel contact lens, the
basic hydrogel lens (Ref) showed a
refractive index of 1.4374 and a water
content of 34.87%, respectively. Depending
on the addition ratio of epigallocatechin
gallate, the refractive index gradually
decreased to E 1 1.4372, E 5 1.4364, and
E 10 1.4359, and the water content
increased to E 1 34.94%, E 5 35.34%, and
E 10% 35.61%, showing a tendency for
the refractive index and water content to
be inversely proportional. Additionally, in
case of samples containing octyl gallate,
the refractive index values were O 1
1.4372, O 5 1.4350, and O _10 1.4347,
respectively. In the case of water content,
it was measured as 34.92% for O_1,
35.04% for O 5, and 35.42% for O_10,
and the
water content increased depending on the

refractive index decreased and
amount added. The refractive index and
water content of each sample are shown in
Fig. 2.

1.4400

1.4380

T 36.00
T -
LA e
35.00
34.00
4320
4300 33.00
Bl ES

Ref

REFRACTIVE INDEX

WATER CONTENT (%)

"

[ Refractive Index - \\ater Content
(a)
14
4380
id 36.00 —
3 L S
= =
Z 14360 L z
Z 3500 §
< 14340 =
= <
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Ref 01 0.5 0_10
I Refractive Index ~ ——Water Content

Fig. 2. Refractive index and water content of samp
les. (a) Epigallocatechin gallate, (b) Octyl gallate.

3.1.2. Spectral transmittance

As a result of measuring the spectral
transmittance of a lens with a gallate group
added to the basic hydrogel material, the
spectral transmittance of Ref was UV-B,
UV-A and Vis. Arecas were 59.64%,
82.03%, and 92.73%, and depending on the
addition ratio of Epigallocatechin gallate,
E 1 was 7.37%, 80.86%, 93.07%, E 5
0.18%, 74.75%, 90.34%, E 10 0.02%,
63.86%, It was measured at 89.86%. When
octyl gallate was added, the results were
8.85%, 81.11%, 89.55% for O_1, 0.27%,
70.20%, 89.49% for O 5, and 0.02%,
58.61%, 87.39% for O _10. The UV
blocking rate of both gallates improved
depending on the amount added, and there
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Optical transmittance (%)
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(b)

Fig. 3. Spectral transmittance of samples. (a) Epi
gallocatechin gallate, (b) Octyl gallate.

.-H-.-.. '-"\

() (B) (c) (D)

Fig. 4. Produced hydrogel lens of Epigallocatechi
n Gallate samples. (A):Ref (B):E_1 (C):E.5 (D):E_
10.

was no significant difference in the visible
light range, so it is believed that they can
be used as functional materials for blocking
UV  rays. The

results

spectral  transmittance

measurement of each lens with
additives added by ratio are shown in Fig. 3,
and a photo of the color change of the
lens according to the addition ratio of

sample E is shown in Fig. 4.
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Fig. b. Refractive index and water content of sam
ples containing Astaxanthin.

3.2. Characteristics
carotenoid group

of hydrogel with

3.2.1. Refractive index and water content
As a result of measuring the refractive
content of hydrogel

index and water

contact lenses manufactured by adding
carotenoid made of nano dispersion using
method, the
refractive index increased to A 1 1.4385,
A 5 14392, and A 10 1.4393 depending

on the addition ratio of Astaxanthin, and

the solvent substitution

the moisture water content increased to
A1 3532%, A 5 3597%, and A 10%
36.1%, indicating that both refractive index
and water content increased. The refractive
index and water content of each sample are
shown in Fig. 5.

3.2.2. Spectral transmittance

As a result of measuring the spectral
in which the
carotenoid nano dispersion was added to

transmittance of the lens

the basic hydrogel material, depending on
the ratio of Astaxanthin, A 1 was found to
be 62.93%, 88.99%, and 92.35% in the
UV-B, UV-A and Vis. regions, and A 5
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80
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Optical transmittance (%)
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Fig. 6. Spectral transmittance of samples containi
ng Astaxanthin

was measured to be 60.49%, 87.99%,
92.05%, and A 10 58.06%, and 87.84%. It
is judged that the addition of carotenoid
does not significantly affect the spectral
transmittance. Fig. 6 shows the measurement
results of the spectral transmittance of the
lenses to which the additives are added by
ratio.

3.3. Characteristics of hydrogel using a
combination of gallate and carotenoid

3.3.1. SEM Analysis
Surface analysis method was used to
check the surface condition of the hydrogel
lens manufactured using carotenoid nano
dispersion by SEM. The

shown in Fig. 7, and

image results are
nanoparticles
generated on the lens surface were

confirmed.

3.3.2. Refractive index and water content

Gallate and carotenoid made from nano
dispersion were added to the basic hydrogel
mixture solution at a set ratio to

manufacture lenses, and their physical
properties were compared and analyzed. As
a result of measuring the refractive index

of the manufactured lens, Ae increased to

(B)
Fig. 7. Surface analysis by SEM image. (A):Ae b

(B):Ao_b.

the range of 1.4407 to 1.4502 and Ao
increased to the range of 1.4415 to 1.4485.
Depending on the amount of additives,
water content increased for Ae to
35.46~36.62% and for Ao to 34.9~35.92%.
When Epigallocatechin gallate and Octyl
gallate were added to carotenoid, there was
little difference in physical properties in
terms of refractive index. In the case of
water content, the combination with the
addition of Epigallocatechin gallate was
found to be higher. Epigallocatechin gallate
contains four epigallocatechin units capable
of forming various hydrogen bonds within
the molecule. Each unit forms a large
number of hydrogen bonds and interacts
with water molecules, resulting in a higher
water than octyl
judged that The refractive index and water

content gallate. It is
content of each sample are shown in Fig. 8.

J. Integrative Natural Sci., Vol. 17, No. 4, 2024
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Fig. 8. Refractive index and water content of sam
ples. (a) Ae, (b) Ao.

3.3.3. Spectral transmittance

In case of produced lens
gallate and carotenoid together in different
ratios, the UV protection rate improved
depending on the amount added, and there
was no significant difference in the visible

by adding

light range. According to the medical
device standard specifications announced by
the Ministry of Food and Drug Safety, the
minimum visible light transmittance must
be 80% or higher. It was confirmed that
the visible light

measured

transmittance of all
to be 80% or
transmittance

samples was
higher. The
measurement results of each lens added by

spectral

ratio are shown in Fig. 9.
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Fig. 9. Spectral transmittance of samples. (a) Ae,
(b) Ao.

3.3.4. Contact angle

As a result of measuring the contact angle
of the manufactured contact lens, the basic
Ref without adding gallate and carotenoid
was found to be 64.23°. Ae was found to
be 56.63~53.27°, and Ao was found to be
43.86~38.18°. It was confirmed that all
samples had lower contact angles than Ref
depending on the amount added, showing
an increase in wettability. The
angle results for each lens are shown in
Fig. 10.

contact

3.3.5. Antimicrobial property

The antibacterial properties of lenses made
by adding gallate and carotenoid were
evaluated. Ref and sample were used as
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(a)

(b) (c)

Fig. 10. Contact angle image of samples. (a) Ref,
(b) Ae 5, (c) Ao_b.

control and experimental groups,
respectively, and the antibacterial properties
against Staphylococcus aureus and
Escherichia coli were analyzed using the
dry film method. 1 mL of the sample that
had been hydrated in 0.9% NaCl saline for
one week was poured into the dry medium
to allow the medium to absorb the sample,
and an incubator was used to maintain the
temperature at 35°C£1°C. After culturing
for about 24 hours, the antibacterial activity
against Staphylococcus aureus and
Escherichia coli was analyzed. As a result,
many microorganisms were identified in
Ref, and samples containing gallate and
carotenoid showed excellent antibacterial
staphylococci  and
believed that

functional contact lenses with antibacterial

properties  against

Escherichia coli. It is
properties can be manufactured. The
antibacterial results against two types of
11-12

bacteria are shown in  Fig.

respectively.

(a)

(b) (©)

Fig. 11. Antimicrobial property of samples. (a) R
ef, (b) Ae b, (c) Ao b.

(a)

(b) (c)

Fig. 12. Antimicrobial property of samples. (a) R
ef, (b) Ae b, (c) Ao b.

4. Conclusion

In this study, various types of gallate

were added in different proportions to
manufacture functional hydrogel lenses, and
carotenoid was made into a nano

dispersion, added in different proportions,

J. Integrative Natural Sci., Vol. 17, No. 4, 2024
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then photopolymerized, and the optical and
of the
measured. As a result of using the gallate

physical properties lenses were
group as an additive, both Epigallocatechin
gallate and Octyl gallate showed an inverse
tendency in which water content increased
slightly and refractive index decreased
slightly depending on the amount added,
but no significant change was observed. In
addition, it has excellent UV protection and
is considered suitable as a material for
functional lenses. In

hydrogel addition,

lenses made by adding epigallocatechin
gallate appear pink in color as the amount
added increases, so it is believed that they
can be used as cosmetic hydrogel lenses.
To add carotenoids to hydrogel lenses, a
nano dispersion was prepared using a
solvent substitution method. And as a result
of measuring the optical and physical
properties of the contact lens using the
nano dispersion, both the refractive index
and the water content increased, and the
light transmittance was similar to that of
the basic hydrogel lens. Therefore, when
Astaxanthin is prepared as a nano
dispersion, it is judged that it can be used
as an additive for a functional hydrogel
lens. In addition, after manufacturing a
functional hydrogel lens using an optimized
mixing ratio of gallate and carotenoid, the
refractive  index, water content, and
wettability all increased compared to the
HEMA-based hydrogel lens, which is Ref,
in all samples, and the antibacterial
function and UV protection were excellent.
It is judged that the gallate and carotenoid

group materials can be usefully used as a

J. Integrative Natural Sci., Vol. 17, No. 4, 2024

material and manufacturing method for

high-functional hydrogel lenses.
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