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ABSTRACT

Objective: This in vitro study evaluated the effect of neolignan-containing solutions on dentin biomodification
previously applied to the bonding procedure in adhesive restorations. Material and Methods: Neolignans,
dehydrodieugenol B—-CP1 and dehydrodieugenol B methyl ether—CP2, were isolated from Nectandra leucantha
and two aqueous solutions containing 0.13% neolignans, 0.2% propylene glycol and 3.0% ethanol were prepared.
Bovine teeth were ground flat to obtain 2-mm thick specimens which received resin composite restorations
(N=10). The neolignan solutions were applied before the bonding procedure (60 s). Experimental groups were:
control, untreated group, 0.12% chlorhexidine gel, 0.13% CP1 solution, and 0.13% CP2 solution. A push-out
bond strength test was conducted (0.5 mm/min). Bovine tooth sections (0.5% 1.7 x 7.0 mm) were also obtained to
assess the modulus of elasticity and mass change after treatment (N=15). A three-point bending test evaluated the
elastic modulus of fully demineralized dentine beams after immersion in the solutions. The data were statistically
analyzed ( = 0.05). Results: The bond strength of the restorations to dentin was significantly improved by the
treatment with neolignan-containing solutions, irrespective of the evaluation time (p<0.05). After 6 months, a
significant reduction in the bond strength was observed in the groups treated with the solutions (p>0.05), but
the means were significantly higher than the control groups (p<0.05). The elastic modulus of demineralized
dentin was significantly improved after the treatment with the solutions (p<0.05). All groups lost mass weight.
Conclusion: The solutions improved the in vitro longevity of bonded restorations, possibly due to the dentin
biomodification effect of the neolignans.
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RESUMO

Objetivo: Este estudo in vitro avaliou o efeito de solucdes contendo neolignanas na biomodificacdo da dentina
aplicadas previamente a restauracOes adesivas. Material e Métodos: Neolignanas, desidrodieugenol B-CP1 e
éter metilico de desidrodieugenol B-CP2, foram isolados da espécie Nectandra leucantha e duas solucdes aquosas
contendo 0,13% de neolignanos, 0,2% de propilenoglicol e 3,0% de etanol foram preparadas. Dentes bovinos
foram lixados para obter espécimes de 2 mm de espessura e preparos cavitarios restaurados com resina composta
(N=10). As solucoes foram aplicadas em dentina antes do procedimento adesivo (60 s). Os grupos experimentais
foram: controle, grupo néo tratado, gel de clorexidina 0,12%, solucdo de CP1 a 0,13% e solucdo de CP2 a 0,13%.
Foi realizado o teste de resisténcia de unido push-out (0,5 mm/min). O mddulo de elasticidade e a alteragdo de
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massa apos tratamento da dentina (0,5%1,7x 7,0 mm) foram também avaliados em teste de flexdo de trés pontos
(N=15). Os dados foram analisados estatisticamente (a=0,05). Resultados: A resisténcia de unido das restauracoes
a dentina melhorou significativamente com o tratamento com as solugdes, independentemente do tempo de avaliagdo
(p<0,05). Apds 6 meses, foi observada reducdo significativa da resisténcia de unido nos grupos tratados com as
solucgdes (p>0,05), com médias significativamente maiores do que nos grupos controle (p<0,05). O mddulo de
elasticidade da dentina desmineralizada aumentou significativamente apds tratamento com as solugdes (p<0,05).
Todos os grupos perderam massa, independentemente do tratamento. Conclusao: As solu¢des melhoraram in vitro
alongevidade das restauracoes adesivas, possivelmente devido ao efeito biomodificador da dentina das neolignanas.

PALAVRAS-CHAVE

Restauracdes dentdrias permanentes; Dentina; Coldgeno tipo I; Plantas medicinais; Lignanas.

INTRODUCTION

It has been extensively reported that the
collagen fibrils within the interfacial area of
bonded restorations can be exposed after the
bonding procedures because of the difference
between the depth of acid demineralization
and the ability of resin monomers to infiltrate
the demineralized dentin [1]. These exposed,
unprotected collagen fibrils are susceptible to
proteolytic degradation by endogenous matrix-
bound metalloproteinases (MMPs) or cysteine
cathepsins, which are intensively activated in
acidic environments [2]. These enzymes are
responsible for the time-dependent degradation
of the collagen of the interfacial area, which
usually starts at the bottom of the hybrid layer [3].
Exposure of unprotected collagen fibrils after
the bonding procedure is regarded as the main
problem that impacts the restoration longevity
due to the deterioration that occurs at the hybrid
layer [4]. As a consequence, there is a decrease
in the bond strength of resin-based materials to
dentin, a decrease in the sealing of the restoration
margins, and ultimately restoration loss [5].

Recently, a modification of the tooth substrate
was proposed to increase the resistance to
general proteolysis by improving the mechanical
properties of the triple helical collagen component
within the hybrid layer [6-8]. It has been pointed
out that collagen is strengthened in biological
tissues when native cross-links are formed,
which seems to increase the fibrillar resistance
to enzymatic degradation [9] and improve the
tensile properties [10]. In this manner, synthetic
and natural compounds have been proposed
to induce collagen crosslinking, enhancing the
dentin matrix’s biological stability, the tensile
bond strength, and viscoelasticity of the collagen
fibrils [11]. Several plant-derived polyphenols,

such as tannins, are thought to inhibit proteases
and have affinity for dentin collagen, inducing
crosslinking and thus preventing dentin matrix
loss [12,13].

Recently, other bioactive compounds from
medicinal plants have been used in order to
obtain a more durable and effective crosslinking
effect [6]. Further plant extracts from Lauraceae,
one of the major groups of flowering plants,
such as Nectandra leucantha [14,15], have
potential for application as dentin biomodifying
agents. Extracts from leaves and branches of
this species collected in the Atlantic Forest area
of Brazil contain miscellaneous natural product
classes, such as alkaloids, phenylpropanoids,
lignans, neolignans, nitro derivatives, benzyl
esters, pyrones, and flavonoids [16]. Among
these compounds, dehydrodieugenol type
neolignans have been isolated and chemically
characterized [14-17]. Neolignans, especially
dehydrodieugenol derivatives — dehydrodieugenol
B and dehydrodieugenol B methyl ether (Figure 1),

MeO =
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desidrodieugenol B m
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desidrodieugenol B met"ji/@o
7 OMe

Figure 1 - Chemical structures of dehydrodieugenol B (R =
OH), designated as CP1, with a high structural similarity to
dehydrodieugenol (R = MeO) - CP2, neolignans isolated from
Brazilian plant Nectandra leucantha.
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express significant in vitro activities [16], such as
antiparasitic (against Leishmaniasis and Chagas
Disease), and antitumor [14,15,17].

In the present study, the influence of bioactive
agents isolated from Nectandra leucantha in the
dentin biomodification was evaluated. Neolignans
were extracted from N. leucantha, purified, and
then applied as dentin biomodification agents
before the bonding procedures in direct bonded
restorations. The results were compared to
those of controls, untreated group (negative
control), and a group treated with 0.12%
chlorhexidine gel. In addition, the mechanical
properties and resistance against degradation
of the demineralized dentin specimens after
biomodification with these solutions were also
evaluated. The research hypotheses tested were:
(i) the bond strength of restoratives will be
negatively affected by the dentin biomodification
with neolignan solutions, irrespective of the
evaluation time; (ii) the solutions containing
neolignans would negatively influence the
elastic modulus of demineralized dentin, with
no protection against degradation.

MATERIAL AND METHODS

Experimental design

In this in vitro study, the bond strength of
restorations to dentin was evaluated according to
the factors: (1) neolignan solutions at two levels:
dehydrodieugenol B — CP1 and dehydrodieugenol
B methyl ether — CP2; (2) evaluation time, at two
levels: control (24 h after restorative procedure)
and hydrolytic degradation (6 months of storage
in water at 37°C). The elastic modulus of
demineralized dentin was evaluated according
to the factors: a) immersion in distilled water
(control, untreated dentin); b) immersion in a
supersaturated calcium phosphate solution; c)
dentin biomodification with neolignan solutions,
followed by an immersion in a supersaturated
solution. Experimental groups were obtained
among factors under study (Figure 2).

Purification process of the neolignans

The purification process for these target
metabolites was previously described [16].
Briefly, 16 g of the acetonitrile phase of n-hexane
extract from leaves of Nectandra leucantha
(Lauraceae), the neolignan enriched fraction
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(NEF), was separated by means of a high speed
centrifugal countercurrent chromatography
(HSCCC), using a n-hexane-ethyl acetate-
methanol-water (HEMWat) (7:3:7:3) solvent
system at a reverse phase mode. Along with
biseugenol (dehydrodieugenol), the target
neolignan derivatives (dehydrodieugenol B
- CP1; 3.5 g and dehydrodieugenol B methyl
ether — CP2; 1.7 g) were purified from NEF,
whose structures were confirmed through nuclear
magnetic resonance spectroscopy (NMR) and
mass spectrometry (MS) [16]. Figure 1 displays
the molecular structure of the target neolignans
CP1 and CP2.

Preparation of neolignan solutions

To assess the influence of the neolignans
CP1 and CP2 on the longevity of the adhesive
restorations, these compounds were solubilized
in ethanol and propylene glycol, and diluted with
water to obtain aqueous solutions containing
the respective neolignan compound (0.13%,
propylene glycol - 0.2% and ethanol - 3.0%).

Compressive bond strength test

Eighty bovine incisor teeth were selected,
cleaned, and stored in a 0.5% Chloramine T solution
at 4° C. The teeth were ground flat to obtain 2-mm
thick specimens. Conical preparations were made
in the specimens with margins in dentin with
the following dimensions: top diameter 4.0 mm,
bottom diameter 3.0 mm, thickness 2.0 mm [18].
The preparations were acid etched for 15 s with
35% phosphoric acid (Scotchbond Etchant, 3M
ESPE, St. Paul, MN, USA) and rinsed for 20 s. Then,
the neolignan solutions and controls were applied
with a microbrush for 60 s. The excess solution
was removed using absorbent paper. Then, an
adhesive system (Adper Single Bond 2, 3M ESPE,
St. Paul, MN, USA) was applied and photoactivated
for 10 s, following the manufacturer’s instructions.
The specimens were then positioned over a
polyester strip. Preparations were filled with a resin
composite (Filtek Z350XT, 3M ESPE, St. Paul, MN,
USA), covered with a Mylar strip, and compressed
with a glass slide. The composite was cured
for 20 s (Bluephase, Ivoclar Vivadent, Schaan,
Liechtenstein, 1200 mW/cm?). The specimens
were then stored in physiological saline solution
at 37° C for 24 h. The excess of the restorations
was removed and then finished and polished using
abrasive discs (Sof-Lex, 3M ESPE, St. Paul, MN,
USA).
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Figure 2 - Summarized experimental design of the present study. Abbreviations: HSCCC - High speed centrifugal countercurrent
chromatography; NMR - nuclear magnetic resonance spectroscopy; m — mass

The compressive push-out bond strength
of bonded restorations was evaluated according
to the factors: (1) dentin pretreatment at four
levels: negative control - untreated dentin, positive
control - 0.12% chlorhexidine gel, and dentin
biomodification with two neolignan solutions;
and (2) storage time at two levels: immediate
evaluation (24 h) and evaluation after 6 months.
Eight experimental groups were categorized
(n=10). The push-out bond strength test was
conducted at a crosshead speed of 0.5 mm/min, as
previously described [18]. The compressive force
of the probe was applied at the bottom surface
of the restoration. The means were expressed in
MPa [18]. After the test, a fractographic analysis
was also performed at 5x magnification using
a dissecting microscope (Stereozoom, Bausch
& Lomb, Rochester, NY, USA) as previously
described [18].

Modulus of elasticity of demineralized
dentin after dentin biomodification

The specimens were obtained as previously
described [19]. Briefly, bovine incisor teeth were
cut with a slow-speed water-cooled diamond saw

to obtain sections from the middle coronal dentin
with dimensions of 0.5X1.7X7.0 mm. Sixty
beams were obtained (n=15). The specimens
were then immersed in 10% phosphoric acid
solution (LabChem, Pittsburgh, PA, USA) for 5 h,
and then thoroughly rinsed with distilled water
for 10 min. After the demineralization process,
the specimens were immersed in distilled water
for the baseline measurements of the modulus of
elasticity. Then, the specimens were immersed in
both neolignan solutions for 8 h. The specimens
were then immersed in supersaturated solutions
(2.5mM CaCl, and 1.5 mM K,HPO,: Ca/P = 1.67)
for 7 days. The modulus of elasticity of the
specimens before and after dentin biomodification
was tested in a universal testing machine (Instron
4484; Instron Inc., Canton, MA, USA) with
a three-point bend fixture, using a 5 N load
cell at 0.5 mm/min crosshead speed. Load-
displacement curves were converted to stress—
strain curves. The width and thickness of the
specimens were measured and the apparent
elastic modulus was calculated at 3% strain, as
previously described [1,19,20]. In this manner,
the modulus of elasticity of demineralized dentin
was evaluated according to the factor “dentin

4
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treatment”, at four levels: specimens immersed
in distilled water (control, untreated dentin);
specimens immersed in a supersaturated calcium
phosphate solution; dentin biomodification
with two neolignan solutions followed by an
immersion in a supersaturated solution. Data
were expressed in MPa, and the percentage
variation of the elastic modulus was calculated as
the ratio of the final mean (after treatment with
both solutions) to the initial means (baseline).

Mass weight change of demineralized dentin
after dentin biomodification

Demineralized dentin beams were weighed
before (M,) and after (M,) dentin biomodification
with both neolignan-containing solutions with
an analytical balance (0.00001 mg precision,
Ohaus Analytical Plus, Florham Park, NJ, USA).
The mass was assessed after degradation in
artificial saliva for 4 weeks (M,). For that, the
specimens were previously dried in a vacuum
desiccator containing silica gel beads for 24 h at
room temperature. Mass variation (W __ %) was
determined as the percentage of gain or loss in
mass in each specimen [19], as follows:

Wme(%) = ((M2x100)/M1)—-100 (1

where M, is the mass of the demineralized dentin
beam before dentin biomodification and M, is
the mass of biomodified dentin specimens. To
calculate the biodegradation percentage mass
variation, the formula was used as follows:

Wde (%) = (M3-M1)x100 |/ M1) )

where M, is the mass of the demineralized dentin
beam before dentin biomodification, and M, is the
mass of dentin specimens after 4-week artificial
saliva immersion.

Statistical analysis

Means and standard deviations of the bond
strength test were calculated and statistically
analyzed with two-way ANOVA and Tukey’s test

Longevity of bonded composite restorations after dentin
biomodification with neolignans obtained from Nectandra
leucantha

(5%). Data of elastic modulus and mass weight
variation were analyzed with ANOVA/Tukey’s
test (5%).

RESULTS

Table 1 describes the results of the bond
strength test according to the experimental
groups.

The bond strength means for the immediate
evaluation ranged between 34.2 MPa (0.12%
chlorhexidine gel) and 56.8 MPa (CP1 0.13%).
After 6 months, the means varied depending on the
treatment, from 34.8 MPa (0.12% chlorhexidine
gel) to 44.8 MPa (CP1 0.13%). The bond strength
means were statistically evaluated by two-way
ANOVA: the factors ‘dentin treatment’, ‘storage
time’, and the interaction ‘dentin treatment’ vs.
‘storage time’ were significant (p < 0.05). The bond
strength means were significantly higher when the
dentin was treated with both neolignan solutions,
compared to the means observed for the control
groups (untreated and chlorhexidine) (p<0.05).
After 6 months, the bond strength means of the
groups treated with both solutions were also
significantly higher than those of observed in both
control groups (p<0.05). When the results of both
evaluation times were compared, a significant
reduction in the bond strength mean was observed
in both experimental groups treated with the
neolignan solutions after 6 months (p<0.05). On the
other hand, no significance was observed when the
results of both evaluation times were compared to
the control groups (untreated group and the group
treated with 0.12% chlorhexidine gel) (p>0.05).

Figure 3 describes the fractographic analysis of
the specimens after the push-out bond strength test.

In the groups evaluated after 24 h, there
was a clear predominance of adhesive failure
(type 1) in the control groups, whereas in the
groups treated with the solutions, there was a
predominance of type 2 fracture (mixed: adhesive
and cohesive in composite resin). After 6 months,

Table 1 - Push out strength means as a function of the evaluation time

24 h 39.1b,A (15.7) 342 b,A (11.8) 56.8 a,A (22.3) 50.5 a,A (14.1)
36.2 b,A (14.0) 34.8 b,A (18.1) 44.8 a,B (16.3) 41.7 a,B (14.6)

Means followed by different small letters in row and capital letters in column indicate significant differences (p < 0.05). Values within the
parenthesis are standard deviations.

6 months
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Figure 3 - Incidence of failure modes (%) according to the experimental groups.

Table 2 - Mean (SD) of elastic modulus (MPa) of demineralized dentin specimens as a function of the treatment

Control (H,0) 1.47 (117) a
Ca/P (1.67) 1.43 (0.93) a
CP10.13% 1.65 (0.84) a
CP2 0.13% 1.68 (0.68) a

117 (0.78) b -20.4 (0.85) B
1.28 (0.75) b -10.5 (0.45) B
2.50 (0.95) a 51.5(0.42) A
212 (0.67) a 26.2 (0.23) A

N=15. Ca/P: supersaturated calcium phosphate solution. CP1 and CP2: neolignan solutions. Different capital letters depict significant differences
in percentage variation (p < 0.05), whereas different small letters indicate statistical differences in elastic modulus means (p < 0.05).

there was still a predominance of type 1 and
type 2 fractures in the controls, but other more
catastrophic types of failure were observed in the
groups treated with the solutions (types 4 and 5).

Table 2 displays the mean dentin elastic
modulus and the standard deviation. The statistical
analysis demonstrated significant differences
between the treated groups in comparison to the
control groups (p<0.05). In comparison to the
control groups, the modulus was significantly
increased after dentin treatment with the
solutions, irrespective of the content of neolignans.
The treatments with both CP1 and CP2 allowed
significantly higher increases of 51.5% and 26.2%,
respectively. Conversely, a negative impact
on the elastic modulus was observed in both
control groups, with a significant difference when
compared to the treated groups (p<0.05).

All experimental groups exhibited an
equivalent mass reduction, irrespective of the
treatment (Table 3). On the other hand, after
biodegradation in artificial saliva, the groups
treated with both neolignan solutions exhibited
significantly higher dentin mass reduction
compared to the control groups (Table 3).

Table 3 - Mean (SD) of mass variation (%) of dentin specimens as a
function of the treatment

Control (H,0) -12.1(5.5) a -16.0 (4.8) A
Ca/P (1.67) -10.3 (5.1) a -10.3 (10.6) A
CP10.13% -9.8 (4.0) a -21.6 (9.4) B
CP2 0.13% <175 (6.2) a -28.9(4.2) B

N=15. Ca/P: supersaturated calcium phosphate solution. CP1 and
CP2: neolignan solutions. Different letters indicate statistically
significant differences (p < 0.05) within each column.

DISCUSSION

The first research hypothesis that the bond
strength of restoratives would be negatively
affected by the dentin biomodification with
neolignan solutions, irrespective of the evaluation
time, was not accepted. Indeed, in both evaluation
times, significant higher bond strength means
were observed when the neolignan solutions were
applied. Although a significant reduction was
observed in the bond strength after 6 months, the
means in the experimental groups treated with
both solutions were significantly higher compared
to those of the control groups. The fractographic
analysis also confirmed the results of the push-

6
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out compression test, in which the restorations of
the groups treated with both solutions, produced
higher bond strength means. It was clearly
demonstrated that the fracture patterns of the
experimental groups treated with both neolignans
solutions were entirely different from that of
the control groups, in which more catastrophic
types of fractures were observed, not limited
to the interface of the tooth-restoration union
(type I). Moreover, the second hypothesis that the
solutions containing neolignans would negatively
influence the elastic modulus of demineralized
dentin, with no protection against degradation,
was also not accepted. In general, the modulus
of elasticity of the dentin significantly increased
after treatment with both neolignan solutions,
even after the 4-week artificial saliva immersion.
In this manner, the neolignan solutions also
helped to promote protection against water
degradation.

It has been previously pointed out that when
the collagen fibrils are exposed to tannins it is
formed a vegetable tannin-aldehyde combination
tannage, which is based on multiple hydrogen
bonds between vegetable tannins and collagen,
and on the covalent bonds between aldehydic
tanning agent and the side amino groups of
collagen [21]. Moreover, the presence of highly
nucleophilic sites in the tannin molecules can
also act as an additional crosslinking ligand
of the tanning agent, increasing the stability
of collagen fibrils [21]. Reasons that explain
the positive effects of the solutions as dentin
biomodification agents rely on the molecular
structure of the neolignans (Figure 1), which
favors the formation of hydrogen bonds and
interactions with the @ bonds in the aromatic
ring and allyl side chain. In this sense, the final
neolignan solutions prepared may have aided
type I collagen binding in some way, presumably
through hydrogen bonding and hydrophobic
interactions. These interactions are claimed to
inhibit the breakdown of collagenase [10], thus
increasing the hydrothermal stability of collagen
fibrils [21].

Previous studies proved that tannin-rich
extracts act as crosslinkers, demonstrating superior
results compared to chlorhexidine [22-24].
A previous study also demonstrated that tannic
acid, a commercial synthetic condensed tannin,
is able to reduce the enzymatic degradation to
improve the mechanical properties of dentin,
thus increasing the bond strength of resin-based
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restorations to dentin [25]. Conversely, another
previous study [20] demonstrated that the use
of tannin-containing extracts had a questionable
effect on the longevity of bonded restorations
as some of these extracts either had no effect to
improve the bond strength of bonded restorations
to dentin or negatively affected the apparent
dentin modulus after treatment. In addition, the
higher the tannin content, the more the extracts
stained the dentin, which is impeditive for its
clinical application. In this manner, the search
for new compounds are imperative to improve
the longevity of bonded restorations with no
side effects [26]. In this manner, neolignan-
containing solutions seem to be a promising
dentin biomodification agent in a clinically
relevant time.

Considering its limitations, the present study
was conducted in vitro with solutions containing
neolignans. In addition, it was not clear the
mechanism by which the neolignans and other
compounds present in the solutions affected the
dentin collagen fibrils, such as propylene glycol
and ethanol. These components can present
a synergic effect in the binding mechanism
of neolignans to collagen fibrils and their
potential stabilization mechanism [1]. It is also
important to emphasize that during the 4-week
artificial saliva immersion, some of the residues
entrapped in the demineralized dentin during
the demineralization process (such as degraded
collagen, remaining apatite crystallites inside
the gap regions of the collagen fibrils, among
others) can be released from the collagen mesh
during this time. In this manner, this fact may
interfere with the interpretation and analysis of
the results. These characteristics lead the mass
gains and losses to be unbalanced, with a greater
tendency of mass loss, mainly due to the fact that
the newly created calcium phosphate crystals
during the immersion in both neolignan solutions
for 8 h can be easily solubilized in an aqueous
medium. In spite of these limitations, these results
provided important new information regarding
the application of these compounds between the
steps of acid etching and adhesive bonding when
applying bonded restorations. Future studies are
necessary to provide more information, including
the evaluation of the effect of these neolignan
solutions on the nanostructure of collagen I fibrils
and in vivo studies.

Based on the results of the analysis performed
in this study, it was observed that compounds
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from Nectandra leucantha (Lauraceae) led to an
increase in the bond strength of the restorative to
dentin, which was also observed in the evaluation
after 6 months. Although a significant reduction
in the bond strength was observed in the groups
treated with the compounds after 6 months
compared to the immediate results, significantly
higher bond strengths were observed compared
to those from the control groups. In spite of
the limitations of the present study, it can be
speculated that neolignans isolated from the
leaves of N. leucantha have the potential to act
as crosslinking agents for dentin collagen fibrils,
which, among other factors, led to an increase
immediately and after 6 months of union strength
compared to the control groups. This was thought
to be related to their unique molecular structure,
which facilitates the establishment of various
intermolecular contacts between the compounds
and the collagen fibrils, which play key roles as
functions of their chemical capabilities. Studies
are needed to complement the results and
corroborate the biomodification actions of these
compounds found in N. leucantha.

CONCLUSION

Taken together, the data strongly suggests
that the neolignan solutions obtained from the
leaves of N. leucantha present a significant in
vitro effect as dentin biomodification agents.
The compounds positively influence the bond
strength of restoratives to dentin, regardless of
the evaluation time, and significantly improve
the apparent modulus of elasticity of the
demineralized dentin after treatment. Other in
vitro and in vivo studies are necessary to support
and confirm that neolignan solutions are effective
dentin biomodification agents.

Acknowledgements

This study was partially supported by a grant
from FUNADESP, Brazil.

Authors’ Contributions

MHGG: Evaluation of modulus of elasticity
and mass weight change of demineralized dentin.
MHMM: Experimental analysis and collection of
data in the push-out bond strength test. CFOG:
Conceptualization, data analysis, statistical analysis
and interpretation. AHMG: Study design; collection
of data; data analysis/interpretation; Paper writing.

Longevity of bonded composite restorations after dentin
biomodification with neolignans obtained from Nectandra
leucantha

SSG: Study design; plant extract preparation and
analysis; data analysis; Paper writing. PHPD:
Study design; Data analysis/interpretation; Paper
writing; Corresponding author.

Conflict of Interest

The authors have no proprietary, financial,
or other personal interest of any nature or kind
in any product, service, and/or company that is
presented in this article.

Funding

The authors have no proprietary, financial,
or other personal interest of any nature or kind
in any product, service, and/or company that is
presented in this article.

Regulatory Statement

The authors have no proprietary, financial,
or other personal interest of any nature or kind
in any product, service, and/or company that is
presented in this article.

REFERENCES

1. Carvalho RG, Alvarez MMP, S& Oliveira T, Polassi MR,
Vilhena FV, Alves FL, et al. The interaction of sodium
trimetaphosphate with collagen | induces conformational change
and mineralization that prevents collagenase proteolytic attack.
Dent Mater. 2020;36(6):€184-93. http://dx.doi.org/10.1016/j.
dental.2020.03.023. PMid:32305153.

2. Mazzoni A, Nascimento FD, Carrilho M, Tersariol |, Papa V,
Tjaderhane L, et al. MMP activity in the hybrid layer detected
with in situ zymography. J Dent Res. 2012,91(5):467-72. http://
dx.doi.org/10.1177/0022034512439210. PMid:22354448.

3. Miranda MESN, Silva EMD, Oliveira MF, Simmer FS, Santos
GBD, Amaral CM. Resin-dentin bond stability of etch-and-rinse
adhesive systems with different concentrations of MMP inhibitor
GM1489. J Appl Oral Sci. 2020;28:€20190499. http://dx.doi.
org/10.1590/1678-7757-2019-0499. PMid:32348441.

4. Tjaderhane L, Nascimento FD, Breschi L, Mazzoni A, Tersariol
IL, Geraldeli S, et al. Optimizing dentin bond durability: control
of collagen degradation by matrix metalloproteinases and
cysteine cathepsins. Dent Mater. 2013;29(1):116-35. http://
dx.doi.org/10.1016/j.dental.2012.08.004. PMid:22901826.

5. Frassetto A, Breschi L, Turco G, Marchesi G, Di Lenarda R, Tay
FR, et al. Mechanisms of degradation of the hybrid layer in
adhesive dentistry and therapeutic agents to improve bond
durability: a literature review. Dent Mater. 2016;32(2):e41-53.
http://dx.doi.org/10.1016/j.dental. 2015.11.007. PMid:26743967.

6. Moreira MA, Souza NO, Sousa RS, Freitas DQ, Lemos MV, De
Paula DM, et al. Efficacy of new natural biomodification agents
from Anacardiaceae extracts on dentin collagen cross-linking.
Dent Mater. 2017;33(10):1103-9. http://dx.doi.org/10.1016/j.
dental.2017.07.003. PMid:28751073.

8

Braz Dent Sci 2022 July/Sept;25 (3): e3300


https://doi.org/10.1016/j.dental.2020.03.023
https://doi.org/10.1016/j.dental.2020.03.023
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32305153&dopt=Abstract
https://doi.org/10.1177/0022034512439210
https://doi.org/10.1177/0022034512439210
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22354448&dopt=Abstract
https://doi.org/10.1590/1678-7757-2019-0499
https://doi.org/10.1590/1678-7757-2019-0499
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32348441&dopt=Abstract
https://doi.org/10.1016/j.dental.2012.08.004
https://doi.org/10.1016/j.dental.2012.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22901826&dopt=Abstract
https://doi.org/10.1016/j.dental.2015.11.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26743967&dopt=Abstract
https://doi.org/10.1016/j.dental.2017.07.003
https://doi.org/10.1016/j.dental.2017.07.003
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28751073&dopt=Abstract

Guedes MHG et al.

Aydin B, Leme-Kraus AA, Vidal CMP, Aguiar TR, Phansalkar RS,
Nam JW, et al. Evidence to the role of interflavan linkages and
galloylation of proanthocyanidins at sustaining long-term dentin
biomodification. Dent Mater. 2019;35(2):328-34. http://dx.doi.
org/10.1016/j.dental.2018.11.029. PMid:30580949.

Curylofo-Zotti FA, Scheffel DLS, Macedo AP, Souza-Gabriel
AE, Hebling J, Corona SAM. Effect of Er: YAG laser irradiation
and chitosan biomodification on the stability of resin/
demineralized bovine dentin bond. J Mech Behav Biomed
Mater. 2019;91(3):220-8. http://dx.doi.org/10.1016/].
jmbbm.2018.12.022. PMid:30597375.

Morin MP, Grenier D. Regulation of matrix metalloproteinase
secretion by green tea catechins in a three-dimensional
co-culture model of macrophages and gingival fibroblasts.
Arch Oral Biol. 2017,75:89-99. http://dx.doi.org/10.1016/].
archoralbio.2016.10.035. PMid:27825679.

Velmurugan P, Singam ER, Jonnalagadda RR, Subramanian V.
Investigation on interaction of tannic acid with type | collagen
and its effect on thermal, enzymatic, and conformational stability
for tissue engineering applications. Biopolymers. 2014;101(5):471-
83. http://dx.doi.org/10.1002/bip.22405. PMid:23996786.

Tjaderhane L, Nascimento FD, Breschi L, Mazzoni A, Tersariol
IL, Geraldeli S, et al. Optimizing dentin bond durability: control
of collagen degradation by matrix metalloproteinases and
cysteine cathepsins. Dent Mater. 2013;29(1):116-35. http://
dx.doi.org/10.1016/].dental.2012.08.004. PMid:22901826.

Kato MT, Leite AL, Hannas AR, Calabria MP, Magalhaes AC,
Pereira JC, et al. Impact of protease inhibitors on dentin matrix
degradation by collagenase. J Dent Res. 2012,91(12):1119-23.
http://dx.doi.org/10.1177/0022034512455801. PMid:23023765.

Bedran-Russo AK, Pauli GF, Chen SN, McAlpine J, Castellan CS,
Phansalkar RS, et al. Dentin biomodification: strategies, renewable
resources and clinical applications. Dent Mater. 2014;30(1):62-76.
http://dx.doi.org/10.1016/j.dental. 2013.10.012. PMid:24309436.

Sousa FS, Grecco SS, Girola N, Azevedo RA, Figueiredo CR, Lago
JHG. Neolignans isolated from Nectandra leucantha induce
apoptosis in melanoma cells by disturbance in mitochondrial
integrity and redox homeostasis. Phytochemistry. 2017,140:108-
17. http://dx.doi.org/10.1016/j.phytochem.2017.04.024.
PMid:28478313.

Grecco SS, Costa-Silva TA, Sousa FS, Cargnelutti SB, Umehara
E, Mendonca PS, et al. Neolignans isolated from twigs of
Nectandra leucantha Ness & Mart (Lauraceae) displayed in
vitro antileishmanial activity. J Venom Anim Toxins Incl Trop Dis.
2018,;24(1):27. http://dx.doi.org/10.1186/s40409-018-0164-9.
PMid:30275819.

Grecco SS, Letsyo E, Tempone AG, Ghilardi Lago JH, Jerz G.
Electrospray mass-spectrometry guided target isolation of
neolignans from Nectandra leucantha (Lauraceae) by high

20.

21

22.

23.

24.

25.

26.

Longevity of bonded composite restorations after dentin
biomodification with neolignans obtained from Nectandra
leucantha

performance- and spiral-coil countercurrent chromatography. J
Chromatogr A. 2019;1608:460422. http://dx.doi.org/10.1016/].
chroma.2019.460422. PMid:31500882.

Grecco SS, Costa-Silva TA, Jerz G, de Sousa FS, Londero
VS, Galuppo MK, et al. Neolignans from leaves of Nectandra
leucantha (Lauraceae) display in vitro antitrypanosomal activity
via plasma membrane and mitochondrial damages. Chem
Biol Interact. 2017;277:55-61. http://dx.doi.org/10.1016/j.
cbi.2017.08.017. PMid:28864277.

Santos PJ, Silva MS, Alonso RC, D'Alpino PH. Hydrolytic
degradation of silorane- and methacrylate-based composite
restorations: evaluation of push-out strength and marginal
adaptation. Acta Odontol Scand. 2013;71(5):1273-9. http://
dx.doi.org/10.3109/00016357.2012.757649. PMid:23394207.

Aguiar TR, Vidal CM, Phansalkar RS, Todorova |, Napolitano JG,
McAlpine JB, et al. Dentin biomodification potential depends on
polyphenol source. J Dent Res. 2014,93(4):417-22. http://dx.doi.
org/10.1177/0022034514523783. PMid:24574140.

Polassi MR, Oliveira TS, Carvalho AC, Medeiros LS, Veiga TAM,
Graeff CFO, et al. Influence of dentin priming with tannin-
rich plant extracts on the longevity of bonded composite
restorations. Sci World J. 2021,2021:1614643. http://dx.doi.
org/10.1155/2021/1614643. PMid:34220363.

Lu Z, Liao XP, Shi B. The reaction of vegetable tannin-aldehyde-
collagen: a further understanding of vegetable tannin-
aldehyde combination tannage. J Soc Leather Technol Chem.
2003;87(5):173-8.

Hass V, Luque-Martinez I, Munoz MA, Reyes MF, Abuna G,
Sinhoreti MA, et al. The effect of proanthocyanidin-containing
10% phosphoric acid on bonding properties and MMP inhibition.
Dent Mater. 2016,32(3):468-75. http://dx.doi.org/10.1016/j.
dental.2015.12.007. PMid:26774680.

LiuRR, Fang M, Zhang L, Tang CF, Dou Q, Chen JH. Anti-proteolytic
capacity and bonding durability of proanthocyanidin-biomodified
demineralized dentin matrix. Int J Oral Sci. 2014;6(3):168-74.
http://dx.doi.org/10.1038/ijos.2014.22. PMid:24810807.

Epasinghe DJ, Yiu CK, Burrow MF, Hiraishi N, Tay FR. The
inhibitory effect of proanthocyanidin on soluble and collagen-
bound proteases. J Dent. 2013;41(9):832-9. http://dx.doi.
0rg/10.1016/}.jdent.2013.06.002. PMid:23806340.

Bedran-Russo AK, Yoo KJ, Ema KC, Pashley DH.
Mechanical properties of tannic-acid-treated dentin
matrix. J Dent Res. 2009;88(9):807-11. http://dx.doi.
org/10.1177/0022034509342556. PMid:19767576.

Carrilho M, D'Alpino PHP. Future perspectives for dental
composites. In: Miletic V, editor. Dental composite materials for
direct restorations. Cham: Springer International Publishing; 2018.
p. 291-301. http://dx.doi.org/10.1007/978-3-319-60961-4 18

Paulo Henrique Perlatti D’Alpino
(Corresponding address)

Triplet Biotechnology Solutions, Bauru, SP, Brazil.
Email: paulodalpino@gmail.com

Date submitted: 2021 Oct 26
Accepted submission: 2022 Jan 31

Braz Dent Sci 2022 July/Sept;25 (3): e3300


https://doi.org/10.1016/j.dental.2018.11.029
https://doi.org/10.1016/j.dental.2018.11.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30580969&dopt=Abstract
https://doi.org/10.1016/j.jmbbm.2018.12.022
https://doi.org/10.1016/j.jmbbm.2018.12.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30597375&dopt=Abstract
https://doi.org/10.1016/j.archoralbio.2016.10.035
https://doi.org/10.1016/j.archoralbio.2016.10.035
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27825679&dopt=Abstract
https://doi.org/10.1002/bip.22405
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23996786&dopt=Abstract
https://doi.org/10.1016/j.dental.2012.08.004
https://doi.org/10.1016/j.dental.2012.08.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22901826&dopt=Abstract
https://doi.org/10.1177/0022034512455801
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23023765&dopt=Abstract
https://doi.org/10.1016/j.dental.2013.10.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24309436&dopt=Abstract
https://doi.org/10.1016/j.phytochem.2017.04.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28478313&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28478313&dopt=Abstract
https://doi.org/10.1186/s40409-018-0164-9
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30275819&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30275819&dopt=Abstract
https://doi.org/10.1016/j.chroma.2019.460422
https://doi.org/10.1016/j.chroma.2019.460422
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31500882&dopt=Abstract
https://doi.org/10.1016/j.cbi.2017.08.017
https://doi.org/10.1016/j.cbi.2017.08.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28864277&dopt=Abstract
https://doi.org/10.3109/00016357.2012.757649
https://doi.org/10.3109/00016357.2012.757649
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23394207&dopt=Abstract
https://doi.org/10.1177/0022034514523783
https://doi.org/10.1177/0022034514523783
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24574140&dopt=Abstract
https://doi.org/10.1155/2021/1614643
https://doi.org/10.1155/2021/1614643
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34220363&dopt=Abstract
https://doi.org/10.1016/j.dental.2015.12.007
https://doi.org/10.1016/j.dental.2015.12.007
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26774680&dopt=Abstract
https://doi.org/10.1038/ijos.2014.22
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24810807&dopt=Abstract
https://doi.org/10.1016/j.jdent.2013.06.002
https://doi.org/10.1016/j.jdent.2013.06.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23806340&dopt=Abstract
https://doi.org/10.1177/0022034509342556
https://doi.org/10.1177/0022034509342556
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19767576&dopt=Abstract
https://doi.org/10.1007/978-3-319-60961-4_18

