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CLINICAL & BASIC RESEARCH

abstract: Objectives: This study aimed to evaluate the influence of different polymerisation methods of acrylic resin 
for ocular prostheses on the subcutaneous tissue inflammatory response of rats. Methods: The study was conducted 
at the Basic Sciences Department, Araçatuba Dental School, São Paulo State University (UNESP), Brazil, from 2016 
to 2018. The samples were prepared by water bath (WB), microwave energy (MW) or autopolymerisation (AP) (n 
= 20 samples per group). The inflammatory response (cell count and immunohistochemical analysis of interleukin 
[IL]-1β, IL-6, tumour necrosis factor [TNF]-α, IL-17 and macrophage inflammatory protein-3α) was analysed by the 
implantation of a sample from each group in the subcutaneous tissue of 20 Wistar rats and evaluated after seven, 
15, 30 and 60 days. The quantitative and qualitative data were analysed using analysis of variance and Tukey tests (P 
<0.05) and visual comparison, respectively. Results: There was a moderate inflammatory infiltrate for the MW and AP 
groups and a light infiltrate for the WB group after seven days. The inflammatory infiltrate and the immunolabeling of 
tested targets decreased gradually during the 60-day period. The AP group had the highest immunolabeling of TNF-α 
(seven days), IL-1β and IL-17 (at 15 and 30 days) and IL-6 (at 30 and 60 days). The WB and MW groups showed greater 
immunolabeling at 15 and 30 days, while the MW group also had high results at 60 days. Conclusion: Polymerisation 
by microwave energy and by chemical activation resulted in a higher inflammatory response. 
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Advances in Knowledge
- Different polymerisation methods of ocular prostheses acrylic resin were analysed.
- The subcutaneous tissue of Wistar rats was assessed for inflammatory response analysis.
- Materials were polymerised according to the manufacturer’s instructions.
- Polymerisation by microwave energy and chemical activation resulted in a higher inflammation.

Application to Patient Care
- The knowledge of ocular prosthesis material’s biocompatibility is important to ensure safe use in patients. 
- The polymerisation by microwave energy and chemical activation resulted in a higher inflammatory response, which is interesting 

information for clinicians.
- Patients benefit from the identification of the polymerisation method that causes fewer undesirable effects.

The use of ocular prostheses to improve 
the self-esteem of anophthalmic individuals 
through the re-establishment of facial 

aesthetics and healthy maintenance of the remaining 
structures is a viable and safe rehabilitation procedure.1 
These prostheses, composed of a larger volume of 
white acrylic resin (AR) and a smaller volume of 
colourless resin, can be polymerised in a heated water 
bath, by microwave energy or chemical activation.2,3 

Among the factors involved in the success 
of prosthetic rehabilitation, it is essential that the 
artificial material used causes no local or systemic 
undesirable effects in the individual who received it.4 
However, there are reports in the literature of irritation 
associated with the use of ocular prostheses, which 
may occur when there is an incomplete conversion 

of methyl methacrylate (MMA) monomers into 
polymers.2,5 This material then releases potentially 
toxic substances such as formaldehyde, methacrylic 
acid and residual MMA monomers, among others.4,6

In vivo toxicity tests allow the study of the 
mechanisms of adverse reactions to a material 
through the analysis of interactions among cells and 
tissues, simulating a condition similar to what would 
occur in humans.7,8 The implantation of a sample in 
the subcutaneous tissue of rats allows for the analysis 
of local effects of a given stimulus and enables, for 
example, the identification of inflammatory cells and 
the analysis of the local tissue response.9,10 An excessive 
inflammatory response of the organism can promote 
irreversible damage, so it is important to evaluate the 
ability of ocular prostheses to induce the release of 
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pro-inflammatory cytokines and chemokines and to 
understand their chemotactic activity mechanism.11 These 
mediators secreted under inflammatory response 
conditions include two patterns: the T helper Type 1 
(Th1) cytokine pattern, with pro-inflammatory action 
mainly caused by interleukin (IL)-1β, IL-6 and tumour 
necrosis factor (TNF)-α and the Th2 pattern, with 
anti-inflammatory action.12 

It is a known fact that human studies involve 
multiple ethical issues in the performance of certain 
types of intervention studies. Since the results obtained 
from animal models have acceptable predictability for 
toxicity in humans (approximately 70–80%),8 being 
no more resistant than models in humans, the present 
study can provide useful information for patients 
and professionals. This study aimed to evaluate the 
influence of different polymerisation methods of white-
coloured AR for ocular prostheses on the subcut- 
aneous tissue inflammatory response of Wistar rats. 
The null hypothesis is that the different polymerisation 
methods of white AR tested do not produce inflammatory 
tissue responses in the subcutaneous tissue.

Methods

The current study was conducted at the Basic Sciences 
Department, Araçatuba Dental School, São Paulo 
State University (UNESP), Brazil, from 2016 to 
2018. A total of 60 AR samples in the colour white 
(Artigos Odontológicos Clássico Ltda, São Paulo, 
Brazil) were prepared and distributed across three 
groups (n = 20 each), according to the polymerisation 
method: thermopolymerised resin in water bath 
(WB; Clássico, Artigos Odontológicos Clássico Ltda), 
thermopolymerised resin by microwave energy (MW; 
Onda Cryl, Artigos Odontológicos Clássico Ltda) and 
autopolymerisation (AP; chemically activated) resin 
(Jet, Artigos Odontológicos Clássico Ltda).3 

Samples were obtained from a metallic matrix 
containing 10 circular compartments (10 mm in 
diameter and 3 mm in thickness).1,3 The AR was handled 
according to the manufacturer’s recommendations 
and inserted into the compartments.13,14 For the WB 
polymerisation, a flask was immersed in water, heated 
for 30 min, placed at room temperature for 30 min and 
boiled at 100 ºC for 1 h. For the microwave energy MW 
polymerisation, a flask was placed in a microwave for 
three minutes at 30% power (320 W), four minutes at 
0% power (0 W) and three minutes at 60% power (720 
W). For AP, an open flask with the required amount 
of water was placed in a device under 140 kPa for 
20 minutes. The samples were then finished with an 
abrasive drill.3 

Twenty male albino Wistar rats at the age of 
four months were used. The animals were kept in an 
environment with controlled temperature and received 
ad libitum water and food.9,10 Initially, samples were 
washed three times in Milli-Q water (Merck Millipore, 
Burlington, Massachusetts, USA) and sterilised by 
exposure to ultraviolet light for 30 minutes per side.15 
Animals were anesthetised with an intraperitoneal 
injection of ketamine (25 mg/kg) and xylazine (10 mg/
kg). Then, the trichotomy of the dorsal region was 
performed, followed by asepsis with 5% povidone-
iodine solution.9,10 An incision of 2 cm in a head-to-
tail direction was performed in the dorsal region using 
a no. 15 Bard-Parker® blade (Aspen Surgical Corp., 
Caledonia, Michigan, USA). The connective tissue 
was laterally divulsed with a blunt-tipped scissor to 
form three surgical pockets. One sample of each group 
was inserted in each surgical pocket. It is important 
to attest that the pockets remained distant from each 
other. The skin was sutured with a 4.0 silk thread 
(Ethicon Inc., Raritan, New Jersey, US).16 

After seven, 15, 30 and 60 days of implantation 
(n = 5), the animals were euthanised with an overdose 
of isoflurane, an inhalation agent (Cristália, São Paulo, 
Brazil). The specimens (samples and adjacent tissues) 
were removed and fixed in 10% buffered formalin 
(pH 7.0). For histological processing, the specimens 
were dehydrated in increasing concentrations of ethyl 
alcohol (70%, 80%, 90%, 100%-I, 100%-II, 100%-III). 
Subsequently, the AR samples were carefully removed 
from the interior of the tissue, which was diaphanised 
in a xylol bath and, finally, infiltrated and embedded 
in paraffin. The specimens were sectioned into 3 μM 
pieces and stained with haematoxylin and eosin (HE) 
for further microscopic study of their cell count.9,10 
The tissue response was classified as 0 (no or few 
inflammatory cells and no tissue reaction), 1 (less 
than 25 cells and a mild reaction), 2 (between 25 and 
125 cells and a moderate reaction) and 3 (more than 
125 cells and a severe reaction). The mean number of 
cells for each group was obtained from the count of 
mast cells, eosinophils, lymphocytes, macrophages 
and neutrophils counted in 10 separate areas (×100 
magnification) of one slide by a single evaluator.9,10 
Representative images for each group were obtained 
(×40 magnification) [Figure 1]. 

From each group, 25 slides were randomly 
selected to perform the immunohistochemical (IHC) 
reactions, where goat primary antibodies (Santa 
Cruz Biotechnology Inc., Dallas, Texas, USA) were 
used to detect IL-1β, -6 and -17 and rabbit primary 
antibodies (Abcam plc., Cambridge, UK) were used 
to detect TNF-α and macrophage inflammatory 
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protein 3α (MIP-3α/ C-C motif chemokine ligand 20 
[CCL20]) (n = 5). These antibodies were selected due 
to their high performance in inflammatory processes. 
Biotinylated rabbit anti-goat IgG antibodies (Santa 
Cruz Biotechnology Inc.) and goat anti-rabbit IgG 
antibodies (Abcam plc., Cambridge, UK) were used 
as secondary antibodies. The reactions obtained were 
amplified with the avidin-biotin complex (Vectastain 
Elite ABC Kit, Standard) (Vector Laboratories, 
Inc., Burlingame, California, US) and chromogen 
diaminobenzidine (DAB, Dako, Glostrop, Denmark). 
Following this, the slides were counter-stained by 
Harris haematoxylin for 5 seconds and dehydrated for 
sealing with a coverslip using DPX mounting medium 
(Sigma Aldrich, St. Louis, Missouri, US). The negative 
control consisted of the protocol described previously 
but in the absence of primary antibodies.17,18

Photographic recording of the slides was 
performed at ×20 magnification; except for MIP-3α, 
where a ×10 magnification was used) with an Olympus 
XC50 camera (Olympus Corp., Tokyo, Japan) coupled 
with the Olympus BX53 microscope (Olympus Corp.) 
Further, IL-1β, IL-6, IL-17 and TNF-α were diffuse 
IHC stained. Following this, images were deconvoluted 
through the Fiji Image J software, Version 2.1.0/1.53c 
(National Institutes of Health; Bethesda, MD, USA), 
and analysed in a standard colour threshold by a single 
evaluator. The IHC staining for MIP-3α was localised 
and the stained cells per field were counted. An average 
value of IHC staining was obtained for each target.

The Statistical Package for the Social Sciences 
(SPSS), Version 21.0 (IBM Inc., Chicago, Illinois, USA) 
was used for data analysis. Quantitative data obtained 
from the evaluation of inflammatory process (HE 

Figure 1: Hematoxylin and eosin-stained subcutaneous tissue slides at ×40 magnification of three groups of male Wistar 
rats prepared using (A) water bath (WB), (B) microwave energy (MW) and (C) autopolymerisation (AP). The slides show 
moderate inflammatory infiltrates at seven days for slides prepared using MW and AP (found in sub-images B and C) and 
light inflammatory infiltrates for all other remaining slides (A, B and C).

Figure 2: Number and standard deviation of mast cells per area for each group of male Wistar rats (water bath, microwave 
energy and autopolymerisation) at four different points of time with different uppercase letters indicating the statistical 
difference between groups at the same time (P <0.05) and different lowercase letters indicating statistical difference 
between durations within the same group (P <0.05).
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staining) and IHC analysis were submitted for two-
way analysis of variance and Tukey’s test with a 5% 
significance level. Qualitative data were submitted to 
visual comparison.

The study was approved by the Research Ethics 
Committee of the School of Dentistry, São Paulo State 
University, Araçatuba, Brazil (Process number 00594-
2016). 

Results

The specimens stained by HE were analysed to 
evaluate the inflammatory response generated by AR 
samples implanted in the rats’ subcutaneous tissue. 
There was a moderate inflammatory infiltrate for the 
MW and AP groups and a light infiltrate for the WB 
group after seven days. The characteristics indicative 
of an inflammatory response gradually decreased 
over time. No necrosis or formation of granulomas 
was observed in any of the tested groups [Figure 1]. 
This result is more evident when evaluating the mean 
number of cells that were attracted to the focus of the 

inflammatory process. In the first seven days, a larger 
number of cells (mast cells, eosinophils, lymphocytes 
and neutrophils) were observed compared to other 
durations, except for macrophages, which had a 
greater quantity in 30 days. The MW group exhibited 
the highest number of inflammatory cells [Figures 
2–6], while the WB group presented a higher number 
of eosinophils [Figure 3] and lymphocytes [Figure 4] 
after 15 days. In the AP group, a higher number of 
macrophages and neutrophils were observed after 15 
[Figure 5] and 60 days [Figure 6], respectively.

The immunolabeling of different targets was 
identified through the IHC analysis. In general, when 
analysed over time, a higher response was verified 
after seven days of implantation. However, exceptions 
were verified for the IL-1β immunolabeling of the 
MW (numerical only) and AP groups, where the 
response was higher after 15 days of implantation, for 
the IL-6 immunolabeling of the AP group, where the 
response was higher after 30 days and for the MIP-3α 
immunolabeling of the WB and AP groups, where the 
response was higher after 30 days. However, there was 

Figure 4: Number and standard deviation of lymphocytes per area for each group of male Wistar rats (water bath, 
microwave energy and autopolymerisation) at four different points of time with different uppercase letters indicating 
statistical difference between groups at the same time (P <0.05) and different lowercase letters indicating statistical 
difference between durations within the same group (P <0.05).

Figure 3: Number and standard deviation of eosinophils per area for each group of male Wistar rats (water bath, 
microwave energy and autopolymerisation) at four different points of time with different uppercase letters indicating 
statistical difference between groups at the same time (P <0.05) and different lowercase letters indicating statistical 
difference between durations within the same group (P <0.05).
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a decrease in the immunolabeling for all the tested 
targets in 60 days compared to the previous durations. 

After seven days of implantation, it was verified 
that the WB and AP groups presented a higher IL-
1β immunolabeling, with a statistically significant 
difference when compared to the MW group. 
However, a higher immunolabeling was verified for 
the AP group after 15 and 30 days. No statistically 
significant difference was observed between groups 
compared to IL-6 immunolabeling after seven days 
of implantation. The AP group presented higher 
immunolabeling after 30 and 60 days, significantly 
different from other groups. Although the IL-6 
immunolabeling was reduced after 60 days for this 
group, it was statistically similar to the number 
recorded at seven days. The AP group showed the 
highest IL-17 immunolabeling, statistically different 
from the other groups after 15 and 30 days. Regarding 
TNF-α, the AP group had the highest immunolabeling 
after seven days of implantation, with a statistically 
significant difference from the MW group. However, 
the highest immunolabeling was verified for the WB 
and MW groups after 15 and 30 days. After 60 days, 

the MW group exhibited greater immunolabeling than 
the other groups. For the MIP-3α immunolabeling, 
no statistically significant difference was observed 
between groups at different durations.

Discussion

The null hypothesis that the different polymerisation 
methods of white AR do not produce inflammatory 
tissue responses in the subcutaneous tissue was tested 
and rejected since differences were observed between 
groups regarding the number of cells associated 
with inflammation and immunolabeling of the 
inflammatory mediators evaluated.

In vivo assays involve the complexity of cell-cell 
and cell-tissue interaction and a variety of cell types 
and hormonal and systemic effects.8 Therefore, it is 
essential to analyse the local tissue response after the 
implantation of samples of AR for ocular prostheses 
on the subcutaneous tissue of rats. Considering 
that biocompatibility is directly dependent on the 
components released by the AR, a decrease of the 

Figure 5: Number and standard deviation of macrophages per area for each group of male Wistar rats (water bath, 
microwave energy and autopolymerisation) at four different points of time with different uppercase letters indicating 
statistical difference between groups at the same time (P <0.05) and different lowercase letters indicating statistical 
difference between durations within the same group (P <0.05).

Figure 6: Number and standard deviation of neutrophils per area for each (water bath, microwave energy and 
autopolymerisation) at four different points of time with different uppercase letters indicating statistical difference 
between groups at the same time (P <0.05) and different lowercase letters indicating statistical difference between 
durations within the same group (P <0.05).
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inflammatory response was observed over time.19 
Mast cells, eosinophils, lymphocytes and neutrophils 
were observed in a greater quantity in the first seven 
days after implantation, especially for the MW group 
[Figures 1–4 and Figure 6]. During the microwave 
polymerisation, the resin is confined inside the flask 
and the process is carried out in a dry environment, 
making it difficult to leach residual monomers and 
other substances.3 In addition, the microwave energy 
acts only on the monomer molecules.20 These factors 
may explain the results found. Corroborating these 
results, da Silva et al.found unsatisfactory in vitro 
results for the MW group, which exhibited slight 
cytotoxicity on a conjunctival cell line.3

Mediators secreted under acute inflammatory 
conditions include several pro-inflammatory cytokines 
such as IL-1β, IL-6 and TNF-α. These cytokines 
are present in the first hours at the inflammatory 
site, responsible for the chemotactic activity for 
different cells in the first days of inflammation, 
corroborating the present study’s results from the 
present study.12,13 The WB and AP groups showed 
a higher IL-1β immunolabeling after seven days, 
whereas the AP group showed a higher TNF-α 
immunolabeling. These mediators are synthesised by 
lymphocytes and macrophages, among other cells, 
and act chemotactically by attracting cells such as 
lymphocytes to the inflammatory site.21 Lymphocytes, 
whose primary functions are to produce antibodies (B 
lymphocytes) and induce the inflammatory response 
(T lymphocytes), were the most recruited cells during 
the process, mainly in the first seven days [Figure 
4], followed by mast cells [Figure 2] and eosinophils 
[Figure 3].21

Smaller amounts of neutrophils and macrophages 
were found after seven days [Figures 5 and 6]. The 
absence of significant neutrophil invasion in the 
tissue indicates that there was no severe inflammatory 
response or necrosis associated with the subcutaneous 
AR sample, corroborating the findings reported by 
Yokoyama et al.22 These authors found similar results 
with the implantation of carbon nanofibers in the 
subcutaneous tissue, stating that a low amount of 
neutrophils is associated with the presence of a non-
acutely toxic material.22 Macrophages, on the other 
hand, were observed in a higher quantity after 30 days 
[Figure 5]. It is possible that macrophage cells were 
‘alternatively’ activated (M2) from the stimulus they 
received and were later attracted to the implantation 
site.23 In this condition, M2 macrophages promote 
a Th2-type immune response, inducing the process 
of tissue repair, angiogenesis, extracellular matrix 
remodelling and anti-inflammatory activity.23

However, it is interesting to note that the AP 
group showed greater immunolabeling of different 
inflammatory mediators in greater durations of 
analysis as follows: IL-1β (at 15 and 30 days); IL-6 
(at 30 and 60 days); IL-17 (at 15 and 30 days). 
This fact can be explained by the low degree of 
conversion of the AR during the chemically activated 
polymerisation, resulting in the continuous release of 
free radicals and unreacted residual monomers during 
polymerisation.19,24 These are potential tissue irritants 
and may have influenced the continuous release of 
pro-inflammatory mediators.24 IL-17 has an important 
role in inducing local tissue inflammation and MIP-3α, 
also known as CCL20, is an inflammatory chemokine 
that can be secreted or expressed by endothelial 
cells. Further, neutrophils, natural killer cells, Th17, 
B lymphocytes and a variety of other immune system 
cells are related to a pro-inflammatory or cytotoxic 
response.15

The WB and MW groups showed a higher 
TNF-α immunolabeling after 15 and 30 days. These 
findings corroborate those of the study by Gretzer et 
al.25 These authors observed a greater TNF-α quantity 
after 21 days and associated this factor with a biphasic 
response of the TNF-α since there is an initial increase 
in its amount associated with the sample implantation 
and an increase of this mediator in the repair stage.25

After 60 days, there was a decrease in the 
immunolabeling for all IHC targets. However, it 
is important to note that the MW and AP groups 
showed a higher immunolabeling of IL-6 and 
TNF-α, respectively, at this time. Thus, although the 
inflammatory response had decreased, its intensity 
was higher these two groups. 

One of the limitations of this study was that the 
durations shorter than seven days were not included 
in the analysis of the inflammatory response. However, 
the intent was to avoid the interference of the surgical 
procedure factor in the results and to allow a sufficient 
amount of tissue adjacent to the sample for analysis.25 
Going forward, studies to verify the leaching of residual 
monomers and other substances after polymerisation 
of the studied materials should be performed to 
understand the polymerisation process better.

Conclusion

According to the present study’s results, the different 
polymerisation methods of white coloured acrylic 
resin for ocular prostheses resulted in an inflammatory 
response in the subcutaneous tissue of rats. The 
polymerisation by microwave energy and by chemical 
activation resulted in a higher inflammatory response. 
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