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Denture adhesives are commer-
cially available products and
have been used regularly by
millions of denture wearers since
the late 18th century. They are
formulated from a mixture of
short- and long-acting synthetic
polymers that hydrate and in-
crease in volume to fill voids
between the denture and
mucosal tissues. They also in-
crease adhesive and/or cohesive
properties and the viscosity of
the saliva.'* When used prop-
erly, these products can improve
denture retention and stability,
decrease occlusion and dis-
occlusion time in complete den-
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ABSTRACT

Statement of problem. Although the cytotoxicity of denture adhesives has been widely assessed,
data on the release of proinflammatory cytokines from oral epithelial cells are still scarce.

Purpose. The purpose of this in vitro study was to evaluate the proinflammatory cytokines inter-
leukin (IL) 1B, IL-6, and tumor necrosis factor o, (TNF-0) released from human oral keratinocytes after
exposure to denture adhesives.

Material and methods. Eluates of the Ultra Corega cream, Corega powder Fixador Ultra, and
Corega strip denture adhesives were created at 1% wt/vol after 24 hours of exposure in a Dulbecco
modified Eagle medium culture. The release of IL-1B, IL-6, and TNF-o. was measured using a
sandwich enzyme-linked immunosorbent assay after the oral epithelial cells (NOK-SI) had been
exposed to the eluates for 3, 6, and 24 hours (n=6).

Results. IL-1p release from the strip was higher at 3 hours compared with the control (Bonferroni
post hoc test, P=.016). IL-6 releases from the cream and powder denture adhesives at 6 and 24
hours were higher than for the controls (Bonferroni post hoc test, P<.05). TNF-a. release was not
detectable in some groups and periods.

Conclusions. In long periods, denture adhesive strips do not induce any change on cytokine
release from human oral keratinocytes. (J Prosthet Dent 2018;119:404-8)

tures,” and increase the masticatory efficacy of well-made
complete dentures. Especially if the denture adhesive has
a copolymer of vinyl methyl ether and maleic anhydride in
its composition,® they may also improve denture wearers’
perceptions of quality of life.”

Denture adhesives do not significantly alter the
biofilm formation over a period of 14 days of continuous
use and possess antifungal properties.*” However,
denture adhesives may inactivate the activity of anti-
microbial peptides and antimicrobial lipids, suggesting

that components in adhesives may inactivate local
innate immune factors in the oral cavity, possibly
leading to the growth of Candida albicans and inducing
denture stomatitis.’® In addition, the chronic and
excessive use of zinc-containing denture adhesives has
been recognized as a potential cause of copper defi-
ciency and hyperzincemia with resultant neurologic
symptoms.”

The difficulty of removing denture adhesives is a
common problem, and it seems to be more effective to
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Clinical Implications

Denture adhesive strips do not induce change in
cytokine release from keratinocytes in long periods,
which may make it more useful than the other
tested denture adhesives. The cream and powder
denture adhesive increased the release of the
proinflammatory cytokines, which may make it
somewhat less useful than the strips. The use of
cream and powder adhesives for shorter periods
would be safer.

brush the dentures with coconut soap, dentifrice, or
water combined with immersion in sodium perborate
solution.'" Antifungal agents, especially chlorhexidine
dihydrochloride and fluconazole, could be candidates for
inclusion in denture adhesive formulations and used as
prescribed topical treatments for individuals with denture
stomatitis.'”

The ideal denture adhesive should be nontoxic,
nonirritating, and biocompatible with the oral mucosa.'*
Cytotoxic ingredients in these products may be released
into the oral cavity.'> Additionally, previous studies have
identified their cytotoxic potential against cell lines
in vitro,'*>'® and some commercial adhesives have been
shown to release formaldehyde.**?° These studies have
examined the cytotoxicity of denture adhesives to human
oral keratinocytes,'* human oral fibroblasts,'*'*"'® and a
mouse fibroblast cell line'*'>'% (L929) by using a wide
variety of assay techniques, and varying levels of cyto-
toxicity have been reported.

However, studies considering cytotoxicity levels in
epithelial cell lines collected from gingival tissue'* are
rare, and the authors are unaware of studies evaluating
the release of proinflammatory cytokines and the role of
denture adhesives in inflammation process. Changes in
levels of these cytokines may serve as sensitive indicators
of adverse biologic effects of denture adhesives.”
Therefore, the purpose of this study was to assess the
effect of denture adhesives on the release of proin-
flammatory cytokines (interleukin [IL] 1P, IL-6, and tu-
mor necrosis factor alpha [TNF-a]) derived from
spontaneously immortalized normal oral keratinocytes
(NOK-SI). The null hypothesis was that neither the type
of denture adhesive nor the exposure period would in-
fluence the release of cytokines.

MATERIAL AND METHODS

NOK-SI** were cultured in Dulbecco modified Eagle
medium (DMEM; Gibco) supplemented with 10%
fetal bovine serum, 100 IU/mL penicillin, 100 pg/mL
streptomycin, and 2 mmol/L glutamine (penicillin-
streptomycin-glutamine 100x; Gibco). The cultures were
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kept in 75 cm?® culture flasks at 37°C in a humidified 5%
CO,, balanced air incubator. After reaching approximately
90% cell density, the cells were trypsinized, seeded in
sterile 6-well plates (3.5x10°cells per well), and incu-
bated in an atmosphere of 5% CO, and 95% air at 37°C
for 24 hours. The cells were used between the fourth and
eighth passages in the experiments.

The appropriate amounts of each denture adhesive
(Ultra Corega cream, Corega powder Fixador Ultra, and
Corega strips; GlaxoSmithKline Brasil Ltda) were added
to the supplemented DMEM without serum to yield a 1%
wt/vol eluate. The denture adhesives were weighed on a
precision scale in a falcon-type tube, and then the
DMEM culture medium was added to the tubes with the
aid of a serologic pipette and 100 IU/mL penicillin, 100
pg/mL streptomycin, and 2 mmol/L glutamine. The tube
was closed, and a sealing film (Parafilm M; Sigma-
Aldrich) was wrapped around the cap. Thus, the
DMEM culture medium remained in contact with the
denture adhesive for 24 hours. Next, the aqueous extract
was centrifuged and filter-sterilized using a 0.22 um filter
(syringe filter 0.22 pm #99722; TPP). Higher concentra-
tions of eluates were not tested because they became too
viscous to be filter-sterilized.'* The extracts were sup-
plemented with 10% fetal bovine serum and then used in
the experiments.

After 24 hours, the culture medium was replaced by
3 mL of eluates obtained from the denture adhesives or
by supplemented DMEM (control group) in duplicate
and on 3 different occasions (n=6). After 3, 6, and 24
hours, the supernatant of the cells was collected and
stored in a freezer at -80°C until the experiment.

The cell culture supernatant was examined using
enzyme-linked immunosorbent assay (ELISA) to
quantify any IL-1B (human IL-1B ELISA kit KHC0011;
Invitrogen), IL-6 (human IL-6 ELISA kit KHCO0061;
Invitrogen), or TNF-oo (human TNF-a ELISA kit
KHC3011; Invitrogen) present, according to the manu-
facturer’s instructions. Briefly, 100 pL of standard IL-18,
IL-6, or TNF-a. or culture supernatants or controls were
added to the coated wells to allow the antigen from the
specimens to bind to the immobilized (capture) anti-
body. After washing, a detection antibody was added
that bound to the immobilized antigen captured during
the first incubation. The excess of detection antibody
was removed and streptavidin—horseradish peroxidase
was added. After a second incubation and washing to
remove the entire unbound enzyme, a stabilized sub-
strate solution was added. The reaction was stopped by
the addition of 100 pL of stop solution, and the plates
were read at 450 nm in an ELISA microplate reader
(VersaMax ELISA microplate reader; Molecular De-
vices). The cytokine concentrations were determined
using interpolation from a standard curve and have
been presented as picograms per milliliter (+SD) for
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Table 1. Two-way ANOVA for IL-1p released

Source of Variation Ss df Ms F P
Groups 0.069 3 0.023 1.78 164
Time 0.179 2 0.09 6.933 .002
GroupsxTime 0.266 6 0.044 3432 .007
Error 0.608 47 0.013

IL, interleukin; SS, sum of squares; MS, mean square. P<.05 denotes significant
statistical difference.

each of the tested conditions. The ELISA assay was
performed using the cell supernatant of these duplicates
on 3 occasions (n=6 wells per group).

Statistical analyses were performed using software
(SPSS Statistics for Windows, v17.0; SPSS Inc) and 2-way
ANOVA followed by the Bonferroni post hoc test in order
to identify whether any groups differed significantly in
their release of IL-1B or IL-6 (2=.05). A multiple linear
regression model using the stepwise method for selection
of independent variables was applied to assess the rela-
tionship between the release of IL-1 and IL-6 with the
time and groups as predictors (2=.05). Data on the release
of TNF-a were analyzed descriptively.

RESULTS

Within the same period, IL-1p release from strip denture
adhesive was higher than the control at 3 hours (P=.016).
The extent of IL-1p release in response to the cream
denture adhesives at 24 hours of exposure was signifi-
cantly higher than at 3 hours (P=.029) and in response to
the powder denture adhesive was higher at 6 hours
(P=.004) and 24 hours (P=.009) than at 3 hours. How-
ever, IL-1p releases at 6 hours and 24 hours were similar
to those of the controls in the experiments on these 2
adhesives (P>.05) (Table 1, Fig. 1).

Within the same period, IL-6 release was found to be
similar among all groups, including the control at 3 hours
(P>.05). Higher release of IL-6 was observed in the
experiment on the cream and powder denture adhesives
at 6 hours (P=.001, P=.007, respectively) and at 24 hours
(both P<.001). For all groups, the release of IL-6
increased with time (P<.05) (Table 2, Fig. 2).

After evaluation with a multiple linear regression
model, the variable independent time was identified as a
significant predictor for IL-1p and IL-6. According to the
linear regression model, the coefficient of determination
(R?) showed that 13.3% of the variation of IL-1B release
and 86.6% of the variation IL-6 release can be explained
by the time. The analysis of ANOVA showed a significant
linear relationship between the time variable and IL-1f
(P=.005) and IL-6 (P<.001), showing that when the time
increases, the values obtained for IL-1f and IL-6
increase.

Data on the TNF-a release obtained from the ELISA
microplate reader and plotting the standard curve were
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Figure 1. Mean values and SD of interleukin (IL) 1P release in each
experimental group during incubation periods assessed (3, 6, and 24
hours). Within same period, identical uppercase letters denote statistical
similarity among groups; within same group, lowercase letters denote
statistical similarity among times (P>.05).

Table 2. Two-way ANOVA for IL-6 released
Source of Variation SS df Ms F P

Groups 1307.127 3 435.709 24.842 <.001
Time 17 568.757 2 8784.379 500.834 <.001
GroupsxTime 358.641 6 59.773 3.408 .005
Error 1157.607 66 17.54

IL, interleukin; SS, sum of squares; MS, mean square. P<.05 denotes significant
statistical difference.

not detectable in some groups and periods (Table 3).
Thus, statistical analysis was not performed.

DISCUSSION

The null hypothesis of this study was rejected because
the release of IL-1f and IL-6 was influenced by the type
of denture adhesive and by the exposure time.

IL-1B, IL-6, and TNF-a are proinflammatory cyto-
kines that appear to play a central role in inflammatory
processes. They were measured in this study to investi-
gate a possible link between denture adhesives and any
adverse biologic effects of their materials, such as acute
toxicity.'”?° IL-1B mediates inflammatory response by
promoting recruitment of phagocytes, cytokine regula-
tion, and chemokine production. It also promotes bone
resorption, cell proliferation, and differentiation in
response to inflammatory stimuli.** IL-6 is associated
with inflammation and immune response processes,
including vascular permeability, osteoclast differentiation,
and bone resorption regulation mechanisms; the dereg-
ulation of its signaling contributes to the onset and
maintenance of several diseases, including rheumatoid
arthritis and osteoporosis.”>*° TNF-a, is a pleiotropic
proinflammatory cytokine involved in systemic and local
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Figure 2. Mean values and SD of interleukin (IL) 6 release in each
experimental group during incubation periods assessed (3, 6, and 24
hours). Within same period, identical uppercase letters denote statistical
similarity among groups; within same group, lowercase letters denote
statistical similarity among times (P>.05).

inflammation such as the induction of inflammatory
mediators and it one of the most important osteoclast-
activating cytokines produced during inflammatory
processes.””

The main findings of this study were an increase in
IL-6 production by NOK-SI in the experiments on
denture adhesive cream and powder after 6 or 24 hours
of exposure. A significant increase of IL-1B release was
found in strip denture adhesives at 3 hours. Cytokine
release was measured in order to investigate the possible
link between denture adhesives and clinical parameters
such as inflammation.”

The authors are unaware of previous studies that have
assessed proinflammatory cytokine release from kerati-
nocytes exposed to denture adhesives. Previous studies
have evaluated the influence of denture adhesives and
their ingredients using cytotoxicity assays.'*'*'”"'* The
effect of denture adhesives on oral keratinocytes was
reported in only one study, which concluded that primary
human oral mucosal cells may provide more valuable
information in toxicity screenings of denture adhesives.'*
All of the denture adhesives tested were found to be
slightly to moderately cytotoxic to primary keratinocytes
but nontoxic to L929 cells.'* Other studies have evalu-
ated the effects of denture adhesives on mouse fibroblast
cells (L929) and immortalized human gingival fibro-
blasts.’*'>"'” Human gingival keratinocytes have been
used for cytotoxicity testing because they are in close
contact with denture adhesives and consequently with
any chemicals leached from these materials in the oral
cavity; therefore, their use in experiments is more clini-
cally relevant.'*

Denture adhesives are typically not diluted before
use. In this study, however, the denture adhesives were
filter-sterilized to avoid bias and confounding results.
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molecules in the culture medium.'®>'?%2° Thus, the
constituents leached out of the adhesives in this study
most likely caused the cytotoxicity.'?

The release of formaldehyde, a component that dis-
plays a high level of cytotoxicity, has previously been
demonstrated.'”?" This component exhibits a high level
of cytotoxicity and is responsible for allergic inflammation
in patients wearing dentures.’®>"*" Some authors have
suggested that the lower cytotoxicity of certain denture
adhesives could be associated with the absence of
formaldehyde.'*'*'” A previous report showed that one
denture adhesive includes diazolidinyl urea as an ingre-
dient, which is a formaldehyde releaser; thus, the authors
inferred that diazolidinyl urea was the cause of the
significantly lower cell viability and increased rates of
apoptosis found in their study.’” In a study using MTT
((4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide) assay and agar diffusion, Al et al'® determined that
one of the adhesives tested produced severe cytotoxic
effects on the L929 cell line. The authors noted that this
observation may have been because this was the only
adhesive that had maleic acid and methoxyethene in its
composition.

Short and intermediate exposure times were used
(3 and 6 hours) in an attempt to simulate adhesive use
among patients who clean their dentures after each meal,
whereas the prolonged exposure period (24 hours)
simulated the difficulty in removing these products
because most denture wearers are elderly and may have
less motor control. The results of this study indicate that
denture adhesive strips may be more favorable to use
over long periods. Although in vitro findings cannot be
directly extrapolated to clinical situations, oral mucosal
cells are protected by mucin and also in part by kerati-
nization; in addition, the cytotoxic effect of the adhesive
is likely to be lower."* Furthermore, saliva does not
continuously dilute the denture adhesive in the clinical
setting.”" Further research is necessary to investigate
which parameters affect cytokine release from single
layer and 3-dimensional cultures of normal cells, and
in vivo studies are needed to determine the true behavior
of these products in the oral cavity.
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CONCLUSIONS

On the basis of the findings of this in vitro study, the
following conclusions were drawn:

1. Denture adhesive strips did not induce change of
cytokine release from human oral keratinocytes after
long periods and may be easier to use.

2. The cream and powder denture adhesives can
induce cytokine release after long periods.
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