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Comparative Study of Physical Properties of Functional Ophthalmic
Hydrogel Lens Using Photo and Thermal Polymerization
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Abstract

In this study, HEMA, MMA, AA, and EGDMA were used as basic combinations for manufacturing hydrophilic lenses
for ophthalmic applications. In addition, AIBN (thermal polymerization initiator), 2H2M (photo polymerization initiator),
and 3-hydroxypyridine (additive) were used to manufacture hydrophilic ophthalmic lenses through thermal polymerization
and photo polymerization before their physical properties were measured. The results showed that when ophthalmic lenses
were prepared via thermal polymerization and photo polymerization using 3-hydroxypyridine as an additive, their optical
and physical properties and surface structures were different in each case, but they all satisfied the physical properties

required for ophthalmic lenses.
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1. Introduction

Photo polymerization through ultraviolet band irra-
diation can be utilized for a variety of applications by
using numerous monomer combinations, making it
ideal for a wide range of applications, including spe-
cial coating and adhesive, because the polymerization
is very fast compared to the thermal polymerization
rate!"?). Since recently, studies on the potential appli-
cation of photo polymerization to biomaterials have
been actively conducted because photo polymerization
can be applied to a wide range of functional mono-
mers. Furthermore, polymers copolymerized via photo
polymerization exhibit a high degree of crosslinking
property®3l. Thermal polymerization is currently being
used mainly for the manufacture of hydrophilic lenses
for medical use. Ever since free-radical polymerization
via thermal initiation was discovered by Gomberg in
the 1990s, various studies on free radicals have been
vigorously conducted, including studies employing
peroxide functional groups, those using radical poly-
mers initiated by photo degradation reactions, and
other studies using radical polymers initiated by ther-
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mal reactions!®'. The irradiation of UV-A, which
covers an ultraviolet ray band, is known to increase the
probability of cancer outbreak in the human skin!!?14],
In addition, oxidative damage to the lens protein and
nucleic acid is known to induce turbidity in the orbi-
tofrontal cortex and lens epithelium owing to the influ-
ence of ultraviolet rays on the eyeball!'”). In the case
of endogenous pyridinium compounds, the photo-oxi-
dation mechanism of UV-A sensitization in the skin
cells has been reported, and 3-hydroxypyridine deriv-
atives have also been found to act as UV-A sensitiz-
ers!!®. Extensive studies have been performed of late
on ophthalmic lenses. Various studies, including those
on high oxygen permeability!'”!, high wettability!'®!%,
antimicrobial activity®”, and the ultraviolet ray block-
ing function?"*?!, which are all important physical
properties required for hydrophilic lenses, have been
carried out, but most of them have elected to use the
free-radical polymerization method incorporating the
thermal initiation mechanism. In this study, hydro-
philic ophthalmic lenses were prepared via free-radical
polymerization employing a photo initiator and the
thermal polymerization method. In addition, 3-
hydroxypyridine was used as an additive to enhance
the ultraviolet shielding function of the lenses, before
the basic physical properties, optical properties, and
surface properties of each lens sample were measured,
compared, and then analyzed.
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Fig. 1. Chemical structures of initiators and functional
additive

2. Methods

2.1. Reagents and Materials

HEMA (2-hydroxyethyl methacrylate), AA (acrylic
acid), MMA (methylmethacrylate), and AIBN (azobi-
sisobutyronitrile), the main ingredients of the ophthal-
mic hydrophilic lenses that were used in this experiment,
were manufactured by JUNSEIL 2-hyroxy-2-methyl-
propiophenone (photo initiator), ethylene glycol dimeth-
acrylate (EGDMA, crosslinking agent), and 3-hydroxy-
pyridine (3HP, additive) were all manufactured by
SIGMA-ALDRICH. The molecular structures of the
thermal initiator, photo initiator, and additives that were
used in this experiment are shown in Fig. 1.

2.2. Polymerization

HEMA, MMA, AA, and EGDMA were used as a
basic combination to manufacture ophthalmic hydro-
philic lenses. Next, 3HP was mixed to the basic com-
bination at a ratio of 1~10%, before stirring each sample
for about 30 minutes. For the thermal polymerization of
the samples, polymer was polymerized at 100°C for
about 1 hour, and a 463 nm wavelength was irradiated
for about 15 minutes to initiate a photo polymerization
reaction. The prepared ophthalmic lens samples were
then hydrated in a sterile saline solution for 24 hours
before their physical properties (e.g., spectral transmis-
sibility, refractive index, and water content) were eval-
uated. The surface structure of the lens fabricated using
scanning electron microscopy (SEM) was then ana-
lyzed. With regard to the naming of the lens samples,
the basic combinations copolymerized via thermal
polymerization were named “Th-1,” “Th-5,” and “Th-
10,” respectively, according to the ratio of Th-Ref and
3-hydroxypyridine added to the mixture. The basic
combinations copolymerized via photo polymerization
were named “Ph-1,” “Ph-5,” and “Ph-10,” respectively,

Table 1. Percent compositions of samples (unit: %)
Sample HEMA MMA AA EGDMA 3-HP'
Th-Ref. 9479 284 190 0.47 -
Th-1 9390 282 1.88 0.47 0.94

TH-5 90.50  2.71 1.81 0.45 4.52
TH-10 86.58 2.60 1.73 0.43 8.66
Ph-Ref. 9479 284 190 0.47 -

Ph-1 9390 282 1.88 0.47 0.94
Ph-5 9050 271 1.81 0.45 4.52
Ph-10 86.58 2.60 1.73 0.43 8.66

3-HP" : 3-hydroxypyridine

according to the ratio of Ph-Ref and 3-hydroxypyridine
added to the mixture. The mixing ratios of the ophthal-
mic lenses that were used in the experiment are shown
in Table 1.

2.3. Instruments and Analysis

All the hydrophilic lens specimens that were used in
the experiments were stored in a standard sterile saline
solution at room temperature for 24 hours before the
test. A spectral transmittance meter (Cary 60 UV-vis,
Agilent Technologies) was used to measure the spectral
transmissibility of UV-B, UV-A, and visible light,
respectively, and the obtained values were then expressed
as percentages. The water contents of the samples were
measured using the gravimetric method, and the refrac-
tive indices were measured using an ABBE refractom-
eter NAR 1T, ATAGO, Japan).

3. Results and Discussion

3.1. Polymerization and Manufacturing

All the combinations were thermally polymerized or
photo polymerized to produce transparent ophthalmic
hydrophilic lenses. After 24-hour hydration in a sterile
saline, ophthalmic lenses with overall transparency and
high flexibility were obtained. In addition, the SEM
measurement showed a structure with regular holes on
the lens surface when the combinations were photo
polymerized as opposed to being subjected to thermal
polymerization, indicating that such structure was caused
by the shrinkage differences between the surface layer
and the bulk layer owing to the varying density of the
acrylate group of the main material during the photo
polymerization process’®. In the case of thermal
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Fig. 2. Reaction mechanism of thermal and photo initiators.
[(A) Thermal initiation mechanism. (B) Photo initiation
mechanism]

polymerization, AIBN generates radicals at the initia-
tion temperature, which again prompts the radical polym-
erization of the vinyl groups contained in the monomers
to form a polymer. In the case of photo polymerization,
on the other hand, the initiator 2H2M generates benzoyl
and 2-hydroxyl-2-propyl radicals at the initiation wave-
length band, which again imparts high reactivity,
thereby facilitating easy polymerization. The initiation
reaction mechanisms of thermal polymerization and
photo polymerization are shown in Fig. 2, and photo-
graphs of the SEM measurement of each combination
are shown in Fig. 3.

3.2. Water Content

For the water content of each of the prepared oph-
thalmic lenses, it was found to be 36.96% for the Th-
Ref combinations. In the combinations of 3-hydroxy-
pyridine and 3-hydroxypyridine, the water content was
37.54% for Th-1, 43.02% for Th-5, and 46.33% for Th-

10, suggesting that the water content of the lens
increased as the hydroxyl group in the 3-hydroxypyri-
dine molecule underwent hydrogen bonding with H20,
and as the ratio of the additive increased. In the case of
the combinations that were subjected to photo polym-
erization, the water content was 34.19% for the Ph-Ref.
combination to which 3-hydroxypyridine was not added.
The water content was 38.26% for Ph-1, 43.92% for Ph-
5, and 48.01% for Ph-10 when 3-hydroxypyridine was
added to the Ph-Ref. combinations according to their
respective ratios, suggesting that the water content tends
to increase with an increasing amount of additive in the
case of photo polymerization. The water content was
higher among the samples that were manufactured via
photo polymerization than among those that were man-
ufactured via thermal polymerization. From the analysis
of the lens surfaces through SEM, it can be said that the
surfaces of the lenses that were prepared after photo
polymerization had relatively large holes that were dis-
tributed regularly. In the ophthalmic lenses that were
produced via photo polymerization, the water content
increase was larger than that in the lenses that were pro-
duced via thermal polymerization when pyridine was
added to the lenses, suggesting that the water content
increase stemmed from the synergistic effect of hydro-
gen bonding due to the hydroxyl group of the photo ini-
tiator 2H2M. The change in the water content for each
combination is shown in Fig. 4.

3.3. Refractive Index

The refractive index of each sample was found to be
1.4361 for the Th-Ref. combinations. When 3-hydroxy-
pyridine was added to the Th-Ref. in proportion to their
respective ratios, the water content was 1.4347 for Th-

Fig. 3. Surface analysis of produced hydrogel lens sample by SEM [(A) Th-Ref. (B) Ph-Ref.].
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Fig. 4. Water content distribution of hydrophilic lens.

1, 1.4244 for Th-5, and 1.4156 for Th-10, suggesting
that the optical density decreased because the higher the
3-hydroxypyridine ratio is, the higher the water content,
thereby decreasing the refractive index. In the case of
photo polymerization, the water content was 1.4452 for
the Ph-Ref. to which 3-hydroxypyridine was not added,
whereas in the case of the combinations to which addi-
tives were added to the Ph-Ref combinations in propor-
tion to their respective ratios, the water content was
1.4394 for Ph-1, 1.4268 for Ph-5, and 1.4175 for Ph-
10, suggesting that the refractive index tends to decrease
as the 3-hydroxypyridine ratio increases due to the
influence of the water content. The variation tendency
of the refractive index of each combination is shown in
Fig. 5.

3.4. Spectral Transmittance
With regard to the spectral transmissibility of each
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Fig. 5. Refractive index distribution of hydrophilic lens
samples.

sample, the Th-Ref. thermal polymerization combina-
tions showed 33.49% UV-B transmittance, 72.42%
UV-A transmittance, and 85.01% visible-light transmit-
tance, similar to the transmittance of the generic hydro-
gel lens, suggesting that there was no UV blocking
property. The average spectral transmissibility values of
the Th combinations with 3-hydroxypyridine added to
the thermal polymerization combination by their respec-
tive 1-10% ratios were 31.35, 75.09, and 88.40% for
UV-B, UB-A, and visible light, respectively, in the case
of the Th-1 combination; 3.29, 45.82, and 89.22% in the
case of the Th-5 combination; and 0.03, 30.89, and
87.63% in the case of the Th-10 combination. As the
amount of 3-hydroxypyridine increased, the transmit-
tance gradually decreased in the ultraviolet band, thereby
demonstrating UV blocking capability. The Ph-Ref. of
the photo polymerization combination showed 5.51%
UV-B transmittance, 53.69% UV-A transmittance, and
86.27% visible-light transmittance. The transmittance in
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Fig. 6. Optical transmittance of produced lens sample [(A) Th group. (B) Ph group].
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the ultraviolet region was lower than that of the general
hydrogel lens, suggesting that the hydrogen atoms of
the hydroxyl group of 2H2M absorb ultraviolet light
due to the hydrogen bonding with the oxygen in the
molecule. This result also showed the same tendency as
that in the study of Seo ef al.”*. The average spectral
transmissibility values of the Ph combinations with 3-
hydroxypyridine added to the photo polymerization
combination by their respective 1-10% ratios were 4.85,
41.11, and 83.06%, respectively, for UV-B, UV-A, and
visible light. The transmittance in the ultraviolet region
decreased as the amount of 3-hydroxypyridine increased.
In the case of the Th-5 combination, it was 0.5, 19.16,
and 79.03%, and in the Th-10 combination, 0.04, 13.57,
and 67.86%, indicating that the larger the amount of 3-
hydroxypyridine additive is, the lower the transmittance
in the UV region. This suggests that the pyridine mol-
ecule structure absorbs ultraviolet light due to the hydro-
gen bonding between the hydrogen in the hydroxyl group
and the nitrogen in the molecule. In addition, photo
polymerization showed a higher UV blocking effect
than thermal polymerization because the molecular
structures of the photo initiator and pyridine that were
used in the photo polymerization reaction induced
hydrogen bonding in the molecules, thereby showing a
synergistic effect of UV blocking. The spectral trans-
missibility of each combination is shown in Fig. 6.

4. Conclusions

HEMA, MMA, AA, and EGDMA were used as basic
combinations for manufacturing hydrophilic lenses for
ophthalmic applications. And also, 2H2M and 3-
hydroxypyridine were used for hydrophilic lenses through
thermal and photo polymerization. The experiment
showed that when ophthalmic lenses were prepared via
thermal polymerization and photo polymerization using 3-
hydroxypyridine as an additive, their optical and phys-
ical properties and surface structures were different in
each case, but they all had the physical properties
required for ophthalmic lenses. In addition, a synergistic
effect was observed in their water contents and spectral
transmissibility when the lenses were prepared via
photo polymerization using 2H2M as a photo initiator
and 3-hydroxypyridine as the additive. The water con-
tent increased among those samples that were manufac-
tured via photo polymerization compared to those that
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were manufactured via thermal polymerization, while
the UV blocking effect decreased when thermal polym-
erization was used. It is therefore concluded that if the
materials that were used in this experiment are polym-
erized using the photo polymerization method, they can
be used as ophthalmic hydrophilic lens materials with
an ultraviolet shielding function and a high water con-
tent.
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