Effects of Materials Based on Acrylic Resines on Inflammatory
Markers IL-8 and TGF1 in Gingival Crevicular Fluid
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Materials based on acrylic resins are commonly used in dental practice. These are obtained through various
technologies, which determine the chemical, physical and biological properties of the final product, which
can influence the inflammatory processes in the periodontal tissue. To evaluate the effects of these materials,
we identified the concentrations of TGF[31 and IL8 in crevicular fluid in 23 patients with temporary dentures
made of polymethyl methacrylate by two polymerization methods: (1) a product processed immediately
prior to application, wherein the polymerization of the material occurs in the oral cavity; and (2) a product
processed in the dental laboratory from a prepolymerized block (block-type PMMA), and applied directly
into the patient’s mouth. The results of our study revealed a significant correlation between the IL-8
inflammation marker and the clinical parameters in the periodontal tissue exposed to the polymerization of

the material in the oral cavity.
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It is well known that acrylic resin products are
commonly used in a variety of medical procedures due to
their biological activities, repairment properties, low costs,
ease of handling, and also due to the fact that they offer an
aesthetic quality of the temporary crowns.

In dentistry, poly-methyl methacrylate (PMMA) has
clinical applications in the therapeutic strategies of
temporary restoration of dental crowns for variable periods
of time [1]. PMMA polymerization is produced by two
methods: auto-polymerization (cold-cured) and heat-
polymerization (heat-cured). The polymerization process
of PMMA plays a key role in practical application of the
product in order to achieve its biological reparative
properties. Following polymerization process, toxic residual
monomeric products are released. If the dental material
polymerization process is performed in oral cavity, the
residual products released into the oral aqueous medium
will alter the bio-compatibility mechanisms, generating
cytotoxicity [2].

Periodontal tissue is constituted of epithelial and
conjunctive cell populations capable of generating defense
mechanisms against pathogens or foreign bodies in the
oral cavity. The cellular response consists in the synthesis
of local and systemic pro-inflammatory molecules, such
as cytokines and chemokines [3]. Data on the biological
potential of restorative products used in dental medicine
are controversial. Some studies in the literature mention
antibacterial properties of PMMA [4], while other studies
suggest that these therapeutic products may favor the
formation of bacterial plaques [5], which will lead to the
installation and involvement of the inflammatory
processes. Evidence of these molecular markers of the
inflammatory process is useful in both, diagnosis and
management of periodontal pathology.

The aim of the study was to evaluate and correlate
biologically and clinically, the inflammatory response of
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the periodontal tissue exposed to the polymerization of
resin-based acrylic material. In this purpose we tested two
products commonly used in dental practice: product 1
which was processed in the dental office prior to
application step, in which case the polymerization reaction
occurred after application into the patient’s mouth; and
product 2 which was applied directly into the patient’s
mouth without processing, in which case the
polymerization reaction was stopped before the application
step. The study proposed to highlight the levels of IL-8 and
TGFB1 in patients who have received dental treatment by
applying the two products, and to correlate these markers
with clinical parameters.

Experimental part
Materials and methods

23 patients aged between 40-49 years were recruited
at the Dentissimo Dental Care Clinic for treatment, and
dental restoration by temporary prosthetic crowns. Subjects
were grouped in two lots: (A) patients treated with product
1 (12 patients) and (B) patients treated with product 2 (11
patients). Patients included in our study were exposed to
PMMA for a period of 3 months. The inclusion criteria in the
study were: nonsmokers, clinically healthy, with no history
of chronic pathology, alcohol-free, or any other treatment
given over the past 2 months. All patients enrolled in the
study signed an informed consent. The clinical parameters
analyzed were: plaque index, gingival index, and pocket
depth [6].

To assess the molecular markers of inflammation we
determined the levels of IL-8 and TGF(31 from gingival
crevicular fluid (GCF). Gingival fluid collection was
performed using absorbent paper according to literature
protocols. [7] 5 samples were taken for each patient on
disease site (DS) (fig. 1). In parallel, GCF was collected
from the non-disease sites (NDS) from the same patients.
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Contamination with saliva and blood was avoided, or these
samples were removed from the study. Patients did not
consume food or water and did not wash their teeth at
least two hours before collection time. The paper strips
were placed in sterile tubes containing 300 puL of PBS
(phosphorous buffered saline), and centrifuged at 1000g,
15 min at 4°C. Samples were stored at -80°C until cytokine
assays were performed. Determination levels of interest
molecules in GCF was performed by the ELISA method
using the IL-8 (Human IL-8 PicoKine™ELISA Kit
manufacturers (Boster Biological Technology, Pleasanton
CA, USA, Catalog # EK0413) and TGF[31 Human TGF Beta
1 PicoKine ELISA Kit (Boster Biological Technology,
Pleasanton CA, USA, Catalog # EK0513), test range
(15.6pg / mL -1000pg / mL). Optical density was measured
at 450nm. For statistical analysis we used IBM SPSS
Statistics. Applied statistical method was linear regression.

Results and discussions

Experimental and control sites were scored for the
folowing clinical parameters: plaque index, gingival index,
and pocket depth. Determination of IL-8 and TGF[1 levels
from GCF was performed by reference to the calibration
curve corresponding to the kit insert. For both cytokines,
the calibration curve comprised a number of 8 standard
concentrations (0-15.6-31.2-62.5-125-250-500-1000 pg /
mL) (fig. 2,3).

Fig. 1. GCF sampling
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We followed the analysis of IL-8 and TGFp1
concentrations in GCF. From all the cases taken into the
study, 23/23 showed positive levels of IL-8, whereas the
TGFal was detectable only in 3/23 of the studied cases.
For all variables taken into account, there were statistically
significant differences between product 1 and product 2:

Products N Mean Std. Std. Error
Deviation Mean
IL-8 Product 1 12 202.811 129583 37.407 Table 1
DS (pg/ml) Product 2 11 172,632 41.762 12.591 DESCRIPTIVE STATISTICS OF THE
Plaque index D5 Product 1 12 1.3 472 136 SAMPLE
Product 2 11 3873 A8312 14627
Gingival index Product 1 12 1.0233 37514 10829
Ds Product 2 11 5782 30329 15235
Pocket depth DS Product 1 12 3.0017 37591 102351
Product 2 11 2.1400 78072 22036
t df Sig. (2- Mean Std. 95% Confidence
tailed) Differenc Error Interval of the
e Differe Difference
nce Lower Upper
IL-8 15387 21 000 630.178 40,955 545008 713349 Table 2
D5 T-TEST FOR
INDEPENDENT
SAMPLES OUTPUT
Plague 4506 21 000 217 199 302 1.333
index
Ds
Gingival 2413 21 023 A45 184 061 828
index
DS
Pocket 3832 21 001 850 246 A37 1.464
depth
Ds
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Fig. 5. Correlation between IL-8 and gingival index DS
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Fig. 6. Correlation between IL-8 and pocket depth DS
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Fig. 7. Normal P-P plot of regression standardized residual

very significant for IL-8 DS, plaque index DS and pocket
depth DS (p <.001), and statistically significant for the
gingival index DS (p <0.05). The maximum effect was
observed for IL-8 DS: t21 = 15.387 - the maximum value
of t for 21 degrees of freedom. In this case, the standard
error of the mean (Std Error Mean) is more relevant for
statistical purposes, since it also relates to the sample size
(table 1, fig. 4-6). T-test was used for independent samples,
p=0.05 (table 2). Figure 4 shows a very good correlation
between the expected and predicted values of the
generated statistical model (fig. 7).

The experiment illustrates certain aspects in
polymerization reaction of methyl-methacrylate monomer
(MMA) in oral cavity. Factors caused by the degree of
conversion of constituent monomers, methods, and also
the environment in polymerization of the applied acrylic
resins caused in a complex interplay of interactions that
are associated with inflammation and irritation of oral
mucosa.

In our study, GCF was collected for IL-8 and TGF1
analysis. We tracked the expression of these cytokines in
GCF based on PMMA polymerization in patients who
received dental treatment with acrylic-based products.
TGF[1 was detected in a small number of cases (13.04%).
TGFB1 is a member of cytokine family involved in
mechanisms of inflammation by pro-inflammatory and
anti-inflammatory effects. [8] Some study reported that
GCF TGF[31 concentrations increase inflammation induced
of bacterial plague, but the pro- or anti-inflammatory
proprieties are not still elucidated. [9] According Gurkan et
al., TGFB1 is involved in the molecular mechanisms of
chronic and severe periodontitis, by excessive modulation
of inflammatory markers [10,11].

Interleukin 8 was detected in all studied cases, both in
the disease site and in the non-disease site. Interleukin 8 is
a peptide from the cytokine family, being secreted by
various cell types (epithelial, conjunctive and blood cells).
It is involved in the inflammatory process by inducing
chemotactic activity [12]. Literature studies reported
positive association of IL-8 levels and periodontal pathology
status, playing an important role in the diagnosis of
periodontal inflammatory process [13]. According to
various studies, the levels of IL-8 in GCF were significantly
higher in periodontal disease compared to healthy tissue
[14, 15]. In our study, we found that there are statistically
significant differences in lesion areas, IL-8 and clinical
parameters followed. At the disease site in patients treated
with product 1, we identified elevated IL-8 values, (802.811
+ 129.583 pg / mL) compared to product 2 (172.632 £
41.762 pg / mL). These results can be explained by the
release of irritant residual products during the
polymerization of the material in the oral cavity. On the
other hand, the structure of acrylic material in product 1
allows the adhesion of bacterial biofilm, triggers and
maintains the inflammation mechanisms.

Recent studies evaluated in vitro effects of eluted acrylic
products, but the results were controversial. Borzangy et
al. reported that acrylic resins are not cytotoxic on epithelial
cells [16]. Contrariwise, other study suggests that during
polymerizing phase chemically activated resins are
cytotoxic, and may affect dental pulp cells. These results
should be considered in current medical practice in order
to give optimal strategy of personalized therapy, especially
in the case of more extensive prosthetic dental prostheses,
by choosing the right materials and the right exposure time
[17]. The benefits of using termopolymerizing acrylates is
that they have reduced cytotoxic effect, and produce
limited inflammatory reaction if they are properly used [18].
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Conclusions

Based on the obtained results and also based on the
fact that biocompatibility refers to the ability of PMMA to
performe with an appropriate host response in certain
situation, we concluded that leaching the residual MMA
monomer during the resin polymerization represents one
of the main consequences that may influence the
inflammatory reaction identified in the patient taken into
this study.

It has been found that the use of block-type PMMA
products does not cause inflammatory markers. These
products are manufactured by complex technological
processes, the polymerization of the acrylic material being
completed prior to the dental therapeutical act. However,
these products have high costs and involve a longer time
to perform the prosthetic work, requiring fingerprinting,
scanning, and specialized human resources. On the other
hand, the study results are limited by the size of the
statistical sample, requiring testing of the acrylic products
on larger cohorts of patients.
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