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ABSTRACT
Statement of problem. Ocular prosthesis acrylic resins should be biocompatible regardless of the
polymerization method. The authors are unaware of a study that evaluated the biocompatibility of
ocular prostheses.

Purpose. The purpose of this in vitro study was to evaluate the cytotoxicity of different methods of
polymerizing ocular prosthesis acrylic resin. This was accomplished by analyzing the cell prolifer-
ation, production of proinflammatory cytokines, and expression of extracellular matrix proteins
related to tissue remodeling and repair of a human conjunctival cell line.

Material and methods. Nine acrylic resin specimens were divided into 3 groups: polymerization in
a water bath, by microwave, or by autopolymerization. Eluates (prepared for 72 hours) were
exposed to cells for 72 hours. A medium without specimens served as negative control (non-
stimulated group). The tetrazolium dye MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide) assay was performed to evaluate the cytotoxic effect, and an enzyme-linked
immunosorbent assay was executed for analysis of interleukin 1 b (IL1b), IL6, tumor necrosis
factor a (TNFa), and CCL3/MIP1a production. Also, real-time reverse transcriptase (RT)-PCR was
performed for analysis of mRNA expression of type IV collagen (COL IV), TGFb, and MMP9, and
data were tested using ANOVA with Bonferroni post hoc test (a=.05).

Results. Microwave-processed resin showed slight cytotoxicity due to a significant reduction in cell
proliferation and an increase in IL6 quantity. Higher levels of mRNA expression of COL IV, MMP9,
and TGFb were verified in water bath-processed resin, which were similar to those in the
nonstimulated group.

Conclusions. Microwave-processed resin showed a significant reduction in cell proliferation and an
increase in IL6 quantity. Heat-polymerized resin exhibited a higher mRNA expression of COL IV,
MMP9, and TGFb; this result was similar to that in the nonstimulated group. (J Prosthet Dent
2016;116:818-823)
The ocular prosthesis is a
treatment option that should
be provided as soon as
possible for patients with
anophthalmia.1,2 Acrylic resin
(AR) for artificial sclera (N1
color) and colorless AR are
materials commonly used for
fabricating the prosthesis.1,3-5

A polymerization reaction be-
gins after mixing the powder
and liquid, which enables
monomer to polymer conver-
sions.6-9 AR can be polymer-
ized in a water bath or using
microwave energy, or it can
be chemically activated.6,10-16

Incomplete reactions result in
the presence of residual
methylmethacrylate (MMA)
monomer and other possibly
toxic chemicals, such as form-
aldehyde, benzoic acid, meth-
acrylic acid, phenyl salicylate,
dibutyl phthalate, and phenyl
benzoate.11,12,17-20
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Table 1.Material, commercial brand, chemical composition, and poly-
merization methods according to manufacturer’s instructions

Material
Commercial

Brand Chemical Composition Polymerization Method

Acrylic
resin
liquid

Clássico MMA monomer, alkylated
phenol (Topanol)*

Heat polymerization in
water bath: immerse flask in
water, apply low heat for 30
min, turn off heat for 30 min,
boil for 1 h

Onda Cryl MMA monomer, alkylated
phenol (Topanol),
ethylene glycol
dimethacrylate

Polymerization by
microwave energy: place
flask in microwave
(Brastemp); microwave for
3 min at 30% power,
4 minutes at 0% power, and
3 min at 60% power

Jet MMA monomer, inhibitor,
dimethyl toluidine

Autopolymerization: open
flask in a device with 140
kPa for 20 min

Acrylic
resin
powder

N1 acrylic
resin

MMA polymer,
dibuthylftalato, ethyl
acrylate, pigments

-

MMA, methylmethacrylate. *Alkylated phenol (Topanol), 2,4-dimethyl-6-tert-butylphenol.

Clinical Implications
Clinicians should be aware of available methods for
polymerization of ocular prosthesis acrylic resins.
The ocular prosthesis should be processed in a
water bath, as these specimens exhibited a result
similar to that of the nonstimulated group.
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The polymerization method used has a direct influ-
ence on the amount of residual monomer released,
resulting in different cytotoxicity levels,21-23 which can
interfere with the success of the rehabilitation.12,24 These
cytotoxicity levels can be evaluated with in vitro tests to
ensure material biocompatibility in humans. Among the
available resources, the cell culture method has the ad-
vantages of simplicity and reproducibility.24-26

Using the cell culture method, material cytotoxicity
can be evaluated by using primary cells or cell line
analogous to the target organ.24 Human conjunctival cell
lines can be used for ocular prosthesis analysis. The
conjunctiva, a thin, resistant, and highly vascularized
mucous membrane which protects the eye from in-
fections and foreign bodies,27-29 acts as a support tissue
for the ocular prosthesis. Its use has been widely reported
in vitro studies.30-36

The authors could find no studies regarding ocular
prosthesis biocompatibility. However, knowledge of this
biological property is necessary to ensure the safe use of
these prostheses in patients. Therefore, this study eval-
uated the cytotoxic effect of different polymerization
methods of N1 color AR. Human conjunctival cells were
used for cell proliferation analysis using tetrazolium dye
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazo-
lium bromide) assay, quantification of proinflammatory
cytokine production through enzyme-linked immune-
absorbent assay (ELISA), and evaluation of gene
expression of extracellular matrix proteins related to tis-
sue remodeling and repair by real-time reverse
transcription-polymerase chain reaction (RT-PCR). The
null hypothesis was that ocular prosthesis N1 color AR
does not produce toxic effects on the cell line studied,
regardless of polymerization method.

MATERIAL AND METHODS

Nine specimens of N1 color AR (10-mmdiameter × 3-mm
thick; Artigos Odontológicos Clássico Ltda) were fabri-
cated and then polymerized by 3 different methods (n=3)
(Table 1)25: heat polymerization by water bath (WB),
microwave energy (MW), and autopolymerization
(AP).37-42

Eluates of substances leached into the aqueous me-
dium were used for cytotoxicity analysis.25,43,44 Three
specimens from each group were inserted into a sterile
da Silva et al
vial with 10 mL of Medium 199 (Gibco) supplemented
with 10% fetal bovine serum (FBS) and incubated at 37�C
for 72 hours to allow the leaching of substances for the
medium. Then, the eluate was sterilized with 0.22-mm
filters (Millex; Millipore).11,24

The cell culture of the human conjunctival cells
(Wong Kilbourne derivative of Chang conjunctival cell
line; clone 1-5c-4) obtained from American Type Culture
Collection (CCL-20.2) was expanded in flasks with
Medium 199. The medium was supplemented with
10% FBS, 10 mg/mL penicillin, 10 mg/mL streptomycin,
10 mg/mL gentamicin, and 250 mg/mL fungizone, and
incubated in 5% CO2 and controlled humidity at
37�C.31,35,36,45 One milliliter of medium with a cell sus-
pension of 5×104 cells/mL was then pipetted into a
24-well plate. The medium was replaced by 500 mL of
eluates from each polymerization group after 24 hours.
Medium 199 (with 10% FBS but without specimens)
served as negative control (nonstimulated [NS]
group).11,31 The positive control consisted of wells with
Tween 20 (Sigma-Aldrich). The same incubation and
temperature conditions were used to determine the
eluates.

After cells were exposed to eluates for 72 hours, the
culture medium was replaced by 500 mL of Medium 199.
The medium contained 0.5 mg/mL MTT and had
been incubated with 5% CO2 at 37�C for 4 hours. It
did not contain FBS.11,24,46 Intracellular formazan dye
was released using solubilization with 1 mL of
isopropanol per well, and absorbance was measured
with a spectrophotometer (SpectraMax 190; Molecular
Devices) at 570 nm. The MTT assay was performed in
triplicate.24-26,46

Cell-free supernatants were collected after 72 hours of
eluate exposition to the cells to execute the ELISA. The
THE JOURNAL OF PROSTHETIC DENTISTRY
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Figure 1. Percentages of cell proliferation for the assessed polymeriza-
tion methods. Results show mean ±SD cell proliferation percentage.
Letters A and B indicate statistical differences (P<.05) compared with
respective group NS. AP, autopolymerization; MW, polymerization by
microwave energy; NS, nonstimulated group; WB, heat-polymerization in
water bath.
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aim of the collection was to quantify different cyto-
kines47,48: interleukin 6 (IL6), IL1b, tumor necrosis factor
a (TNFa), and chemokine macrophage inflammatory
protein 1a (CCL3/MIP1a). A total of 100 mL of the su-
pernatant was used for quantitative analysis. The assay
(DuoSet ELISA development systems; R&D System) was
performed in triplicate, according to the manufacturerl’s
recommendations.45,49-51

The quantitative analysis of gene expression for type
IV collagen (COL IV; COL4A3BP; Hs00178621_m1;
Thermo Fisher Scientific), matrix metalloproteinase 9
(MMP9; MMMP9: Hs00234579_m1; Thermo Fisher Sci-
entific), and transforming growth factor b (TGFb; TGFB1:
Hs0099133_m1; Thermo Fisher Scientific)49 was per-
formed through real-time reverse-transcriptase (RT)-
PCR. These targets are part of the tissue repair process.52-
56 TRIzol reagent (Invitrogen Life Technologies) was used
for RNA extraction after 72 hours of eluate exposition to
the cells, and RNA concentration was measured by
spectrophotometry. One microgram of total RNA and
Superscript II RNase H- reverse transcriptase (Invitrogen
Life Technologies) was used to synthesize first-strand
cDNA. Posteriorly, mRNA levels were measured and
amplified by using a StepOnePlus real-time PCR system
(Invitrogen Life Technologies). The internal control
was the detection of mRNA for b-actin (ACTB;
Hs03023880_g1) and a volume of 20 mL to perform the
reactions. Each specimen was run in duplicate, according
to the thermal cycling conditions established by the
manufacturer, and the comparative threshold cycle (CT)
method was used to analyze the results.

Data obtained from MTT, ELISA, and real-time RT-
PCR assays were submitted to one-factor analysis of
variance (ANOVA) with Bonferroni post hoc test (a=.05).

RESULTS

Figure 1 shows the cell proliferation percentage for the
various polymerization methods assessed. A statistical
difference was observed among the groups (df=4;
F=593.779; P<.001). The WB (88.4%) and MW (74.9%)
groups exhibited lower cell proliferation percentages,
with statistically significant differences from that of the
NS group (100%).

No detectable levels of IL1b or CCL3/MIP1a were
found in the present study. However, high IL6 levels
were observed for the tested groups. In addition, this
concentration differed significantly among the polymer-
ization methods assessed (df=3; F=12.266; P<.006). Sta-
tistically higher concentrations were verified for the MW
group (14.199 pg/mL) than for the NS (9.842 pg/mL) and
AP (10.248 pg/mL) groups. No statistically significant
differences were seen among the WB group (12.374
pg/mL) and the other groups. No statistically significant
differences in TNFa concentrations were observed
THE JOURNAL OF PROSTHETIC DENTISTRY
among the polymerization methods evaluated (df=3;
F=2.684; P=.182).

Regarding the relative quantification of mRNA for
COL IV for the various polymerization methods
assessed, statistical differences were observed among the
groups (df=3; F=32.076; P<.001). The WB (2.21-fold) and
NS (2.01-fold) groups showed higher gene expression
levels of COL IV than the MW (0.99-fold) and AP (1.25-
fold) groups that were significantly different.

Statistically significant differences were observed in
the relative quantification of mRNA for MMP9 for the
tested groups (df=3; F=19.903; P<.001). The WB (5.75-
fold) and NS (5.77-fold) groups presented higher gene
expression levles of MMP9 than the MW (1.80-fold) and
AP (1.65-fold) groups, with statistical differences.

Regarding the relative quantification of mRNA for
TGFb, a statistical difference (df=3; F=14.226; P<.001)
was found because the WB (2.02-fold) and NS (1.80-fold)
groups had higher gene expression levels of TGFb than
the MW (0.75-fold) and AP (0.66-fold) groups.

DISCUSSION

The null hypothesis that ocular prosthesis resin does not
produce toxic effects on the cell line, regardless of the
polymerization method studied, was rejected. The resins
exhibited different behaviors with regard to the assays
performed.

Water bath polymerization is one of the methods
used most for prosthesis fabrication because it is less
expensive than microwave energy polymerization and
produces prostheses with suitable mechanical proper-
ties.9,10 However, an increase in surface porosity can
occur due to the exothermic polymerization reaction.6

Chemically activated resin is commonly used to repair
da Silva et al
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prostheses, because it is rapidly polymerized at room
temperature.20

As far as the authors are aware, the different methods
of polymerizing ocular prosthesis resin have not previ-
ously been investigated for cytotoxicity. However,
chemical activation of a denture resin causes greater cell
proliferation inhibition than other methods.11,13,22 This is
due to a lower conversion degree and consequently
higher amounts of MMA monomer.9

However, there was no cell proliferation reduction in
the AP group in this study compared with that in the NS
group (Fig. 1). This may be due to polymerization con-
ducted with an open flask and pressure for 20 minutes,
according to the manufacturer’s instructions, to prevent
material porosity.14 Release of residual monomer may
have begun before specimen immersion in the vial with
the culture medium for obtaining eluate. This was con-
trary to the condition of the resins polymerized by other
methods, where flask cooling was done previous to
deflasking the specimens. Furthermore, part of the re-
sidual monomer from the AP group may not have spread
into the aqueous medium. Instead, they may have
remained in the resin matrix as pendant chains.8,20

Microwave energy polymerization has the advantages
of reducing polymerization time with improved homo-
geneity between the powder and liquid and of excellent
adaptation of the prosthesis.4,8,40 However, the flask
must be cooled before opening after polymerization, as
with water bath polymerization. Additionally, this
method has a higher cost because it requires microwave
equipment and specific flasks.10

Compared with the NS group, the WB-polymerized
material can be considered noncytotoxic (cell prolifera-
tion higher than 75%). The MW group, however, provided
slight cytotoxicity (proliferation between 50% and 75%)
(Fig. 1) according to International Standards Organization
ISO 10993-5 standard, which provides a classification for
in vitro methods of cytotoxicity analysis.43 Similarly,
Sheridan et al13 observed that after 96 hours of eluate
obtainment, a denture polymerized in water bath was less
cytotoxic than a resin polymerized with microwaves.

Azzarri et al8 stated that cytotoxicity can be influenced
by parameters of duration and microwave power. Also,
microwave energy action occurs only on the monomer
molecules.26,40 In the present study, MW polymerization
was performed in a dry area according to the manufac-
turer’s recommendations. However, the degree of conver-
sion achieved mignt not have been sufficient to reduce the
cytotoxic potential of the material. According to Jorge et al21

and Sheridan et al,13 the diffusion of various potentially
toxic substances such as formaldehyde, methacrylic acid,
benzoic acid, phenyl benzoate, and organic additives
among others, which are not influenced by microwave
energy, may be responsible for the cytotoxicity. This hy-
pothesis can explain the slight cytotoxicity observed for
da Silva et al
the MW group. Oxygen may bind to free binding sites of
the polymer chain, inhibiting their occupancy by monomer
molecules and, consequently, the polymerization.21

The flask had to cool before being opened, which may
be associated with a MW group cell proliferation that was
lower than that for the AP group, whose polymerization
reaction was without the confinement conditions. These
hypotheses can justify the higher concentrations of IL6
for the MW group. The IL6 target is one of the major
interleukins responsible for increasing the local concen-
tration of cells for tissue repair.47,48

The different properties of resins polymerized by
microwave energy, such as flexural strength, dimensional
stability, and hardness, have been studied,4,15,16,42 and
excellent results were observed. However, regarding
cytotoxicity, this method does not seem to be the
most suitable for polymerization of N1 color AR. Resin
for ocular prostheses differs from denture resin because
of the smaller granulation of the MMA polymer powder.5

Jorge et al23 compared WB- and MW-polymerized
denture resin and found similar results for cell prolifer-
ation. However, the eluate preparation period was
24 hours, which differred from the 72-hour period
used in this study. According to Cimpan et al,44

the higher the dose and the longer eluates are exposed
to cells, the greater the deleterious effects. Therefore,
the 72-hour period may have influenced MW group
cytotoxicity.

Regarding the expression levels of COL IV, MMP9,
and TGF b mRNA, higher values were observed for the
WB group. However, the values were similar to those of
the NS group, indicating that the tested cells appear to
produce those targets under physiological conditions.
The balance between the synthesis and breakage of
collagen is important for avoiding a fibrous reaction
during the tissue repair process.52,53 COL IV, produced
by epithelial cells, is essential in the composition of their
basement membrane extracellular matrix.54 Preservation
of cell structure is related to the balance of the relative
quantification of mRNA for the tested targets. A simi-
larity was observed in mRNA expression for COL IV and
TGFb, which is responsible for stimulating the synthesis
of COL IV.47,55 The gene expression of MMP9, respon-
sible for the degradation of COL IV,47,55 was approxi-
mately 3 times higher than the expression of COL IV and
TGFb. This may be deleterious and result in severe cell
morphology damage.56

The polymerization cycle of the WB group was per-
formed within a 2-hour duration (Table 1), in accordance
with the manufacturer’s instructions. The influence of
using different cycles for the polymerization of denture
AR was evaluated by Bural et al.7 The authors found that,
although the manufacturer recommended a polymeri-
zation of 1 hour, consisting of 30 minutes in heated water
and 30 minutes of boiling, the long polymerization cycle
THE JOURNAL OF PROSTHETIC DENTISTRY
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of 9 hours of immersion in heated water, associated with
30 minutes of boiling, significantly reduced the amount
of residual monomer released into the culture medium. It
also increased the cell proliferation percentage in the
eluates formed for 24 and 48 hours.

Different cell lines were used to assess the cytotoxicity
of the AR in these studies, which may have influenced the
cellular response found.17 In addition, the authors are
unaware of reports concerning the evaluation of the
Wong-Kilbourne derivative of Chang conjunctival cell line
exposed to AR. These cells have been widely used in
in vitro studies,30-33 because they correspond to cells from
human conjunctiva, which cover the posterior part of the
lid and extend to the posterior, covering the sclera.27,28

One limitation of the present study is the presence of
differences between the periods for specimen deflasking
for each polymerization method. However, the in-
structions of the manufacturer were followed. Addition-
ally, in vitro tests were executed, which despite not
reflecting the clinical condition use of the material, were
essential for the analysis of biological behavior. From a
clinical point of view, the results should be interpreted
with caution. Further studies are needed to assess the
cytotoxicity caused by different polymerization cycles of
N1 color AR and to investigate the colorless resin used
for coating the characterization of an ocular prosthesis,
regarding the different polymerization methods.

CONCLUSIONS

Based on the results of the in vitro testing in this study,
the following conclusions were drawn:

1. Resins submitted to different polymerization
methods exhibited divergent biological behavior.

2. The MW group showed a significant cell prolifera-
tion reduction and IL6 quantity increase.

3. The WB group exhibited comparable behavior to the
NS group (higher mRNA expression of COL IV,
MMP9, and TGF b), making it the most appropriate
method for fabricating ocular prostheses.
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