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ABSTRACT

ental caries is considered a disease of high prevalence and a constant problem in public

health. Proanthocyanidins (PAs) are substances that have been the target of recent
studies aiming to control or treat caries. Objective: The aim of this in vitro study was to
evaluate the efficacy of a treatment with grape seed extract, under cariogenic challenge,
to minimize or even prevent the onset of caries in the enamel and dentin. Material and
Methods: Blocks of enamel and dentin (6.0x6.0 mm) were obtained from bovine central
incisors, polished, and selected by analysis of surface microhardness (SH). The blocks were
randomly divided into 3 groups (n=15), according to the following treatments: GC (control),
GSE (grape seed extract), GF (fluoride — 1,000 ppm). The blocks were subjected to 6 daily
pH cycles for 8 days. Within the daily cycling, the specimens were stored in buffered solution.
The blocks were then analyzed for perpendicular and surface hardness and polarized light
microscopy. Results: The means were subjected to statistical analysis using the ANOVA
and Fisher’s PLSD tests (p<0.05). For enamel SH, GF showed the highest hardness values.
In the dentin, GF was also the one that showed higher hardness values, followed by GSE.
Regarding the cross-sectional hardness values, all groups behaved similarly in both the
enamel and dentin. The samples that were treated with GSE and fluoride (GF) showed
statistically higher values than the control. Conclusion: Based on the data obtained in this
in vitro study, it is suggested that grape seed extract inhibits demineralization of artificial
carious lesions in both the enamel and dentin, but in a different scale in each structure
and in a smaller scale when compared to fluoride.
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the diet, usually sucrose. If the acid exposure is

short, saliva naturally increases the pH so that the
enamel loss can be repaired by remineralization.

INTRODUCTION

Dental caries is considered a highly prevalent

disease that targets a large publict!. Defined as a
multifactorial disease, it results from a dynamic
imbalance present in the oral environment in
alternating periods of dissolution and mineral
replacement??, leading to mineral loss.

The demineralization of the dental tissue is
caused by acids, especially lactic acid produced
by bacterial fermentation of carbohydrates from
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However, continuous exposure to acids (ingestion
of foods containing sugar) can create a situation in
which the remineralization rate may be insufficient
to repair the demineralization damage, thereby
increasing the development of caries*. Therefore,
implementing a strategy of protection would
be a great aid in a dynamic equilibrium of
demineralization and remineralization?3.
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In recent years, much attention has been
focused on research and education related to the
identification of food components and development
of food products seeking prevention and health
promotion?®. Numerous components that are
naturally present in foods and vegetables have been
shown to promote health and reduce risk for many
common diseases. It is believed that antimicrobial
compounds of plant origin can serve as alternatives
to the commonly used chemical types for controlling
dental plaque and dental diseases?®.

Proanthocyanidins (PAs) are substances that
have been the target of recent studies aiming
to control or treat carious lesions?®. They are
naturally presented as a metabolite widely
available in fruits, vegetables, nuts, seeds, flowers
and bark®®. Recently, they have been used as
natural antioxidants and free radical scavengers,
and have been approved in various applications
such as clinical and dietary supplementstt. The
PAs present in some fruits prevent the damage
caused by reactive oxygen species, inhibiting the
glycosyltransferases and possible acid production
by Streptococcus mutans!. Studies have shown that
agents such as glutaraldehyde and extracts rich in
PA can be effective in improving the function of the
dentin tissue, improving the mechanical stability
and reducing collagen degradation®s8.

In addition, PA increases the synthesis of
collagen, accelerates the conversion of insoluble
collagen to soluble collagen during development!
and decreases the rate of enzymatic degradation
of the collagen matrix?’. Bedran-Russo, et al.®
(2008) showed that a 6.5% grape seed extract
solution could interact with demineralized dentin
and increase its modulus of elasticity and strength,
due to the stability and increase in the amount
of cross-linked collagen?!. Furthermore, another
study about the mandibular bone formation in rats
showed that PAs are necessary antioxidants for
calcium absorption®®. In this regard, considering
a biomimetic approach using selective natural
agents may be a novel approach to stabilize and
strengthen the exogenous dentin, inducing collagen
crosslinking through interaction with non-collagen
protein and by remineralization, possibly decreasing
the biodegradation rate and increasing the mineral
nucleating®®.

Even with the emergence of new preventive
measures, fluoride is still considered one of the
most prominent elements because it not only has
chemical qualities but physiological properties as
well, and is of great interest and importance to
the dentist’. Despite its benefits, excess fluoride
can be toxic. Its toxicity can be acute or chronic
when small amounts are continuously ingested. In
its chronic form, the toxicity can affect mineralized
tissues (bones and tooth enamel), causing skeletal
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fluorosis and mainly dental fluorosis.

Thus, this paper analyzed a new treatment that
is being studied with the goal of prevention and
health promotion, in order to benefit oral health.
It verified and tested the hypothesis that grape
seed extract, composed mainly of PA, can positively
affect the tooth structure, thus offering a new
therapy for carious lesions. The null hypotheses
were: (1) The application of grape seed extract, rich
in PA, has no influence on the enamel submitted
to artificial cariogenic challenge and, (2) The
application of grape seed extract, rich in PA, has
no influence on the dentin submitted to artificial
cariogenic challenge.

MATERIAL AND METHODS

Selection of teeth and specimen preparation -
fragments of enamel and dentin

Ninety bovine incisors without staining,
morphological changes and cracks in the crown
were obtained, cleaned and stored in 0.1% thymol
prior to the experiment. The crown of each tooth
was separated from the root at the dentin-enamel
junction using a diamond disc mounted in an engine
bench (Bethil Industria e Comércio Ltda, Marilia,
SP, Brazil).

For the enamel analysis, 90 blocks (6.0x6.0
mm) were obtained from the buccal surfaces
of the crowns by a diamond disk coupled in a
metallographic cutter (Isomet 2000, Buehler Ltd.,
Lake Bluff, IL, USA). For the dentin, 60 root blocks
of 6.0x6.0 mm were obtained (Figure 1A). The
surface blocks were then worn and polished in water
cooled polishing machine (Aropol 2V Arotec S/A
Industria e. Comércio, Cotia, SP, Brazil) with silicon
carbide (SiC) sandpaperin 400, 600 and 1200 grits,
followed by polishing pastes of 1.0 um and later
0.5 pm (Extec Corp., Enfield, CT, USA) (Figure 1B).
The samples were cleaned in ultrasound (Unique,
Ultrasonic Cleaner, Indaiatuba, SP, Brazil) at each
change of sandpaper with distilled water to remove
the residue.

Selection of samples

After obtaining a flat and polished surface, the
initial surface microhardness (HMV-2000 Shimadzu,
Columbia, MD, USA) was measured in the center
of each specimen. Three rows of five indentations
were made with a spacing of 100 pm between them,
using a load of 25 grams for 15 seconds on the
enamel, and a load of 10 grams in the dentin for
10 seconds (Figure 1C). This initial measurement
allowed the selection of 45 enamel blocks and 45
dentin blocks with hardness values between 320-
380 KHN, and 30-60 KHN, respectively.
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Figure 1- Schematic diagram of the methodology - (A) Obtaining fragments of enamel and dentin; (B) Polishing the
specimens; (C) Measuring the initial microhardness; (D) Application of two layers of acid-resistant varnish; (E) pH
cycling with treatments; (F) Sectioning the specimens; (G) Procedures for analysis of the perpendicular hardness to the
demineralized surface; (H) Procedures for cross-sectional hardness analysis of the lesion

Experimental groups and preparation of
solutions

Subsequently, specimens were randomly
divided into three groups (n=15) according to the
treatment: 1) CG - control (no treatment), 2) GSE -
Grape Seed Extract and 3) GF - fluoride — 1000 ppm
(NaF solution). Prior to treatment, the fragments
received two coats of acid resistant varnish
(COLORAMA - L'Oréal Cosmetics Commercial
Ltda, Sao Paulo, SP, Brazil), leaving an area of 4.0
mm?2 surface (Figure 1D) for direct contact with
the treatments and with the cariogenic challenge
(Figure 1E).

The 6.5% grape seed extract was prepared
daily for cycling with deionized water and the pH
adjusted to 7.4%2°, The demineralizing solution (50
mM acetate, 2.25 mM CaCl, 2H,0, 1.35 mM KH,PO,;
130 mm KCI for pH=5.0) and the buffer solution (20
mM HEPES, 2.25 mM CaCl,2H,0, 1.35 mM KH,PO,;
130 mm KCI for a pH=7.0)?° were prepared on the
first day of cycling.

pH cycling (Treatment/Demineralization/
Remineralization)

The samples were subjected to pH-cycling
(demineralization and remineralization)?® in
conjunction with the treatments according to the
groups. Initially, the fragments were placed in
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50 ml of treatment solution (CG, GF, GSE) for 10
minutes, then in 50 ml of demineralizing solution for
30 minutes and finally in 50 ml of buffered solution
for 10 minutes (Figure 1F). All the solutions were
in constant agitation. These pH cycles/treatments
were performed 6 times a day for 8 days. Between
the treatment and pH cycling, the specimens were
washed thoroughly with distilled water. Between the
daily cycling, the specimens were stored in buffered
solution at 37°C.

Final surface hardness evaluation

Following completion of the pH-cycling/treatment
process, the samples were placed in ultrasound
(Unique, Ultrasonic Cleaner, Indaiatuba, SP,
Brazil) for cleaning any remaining residue on their
surfaces. Then, the microhardness measurement
of the surface was taken (HMV-2000 Shimadzu,
Columbia, MD, USA) (Figure 1G). This measurement
would be made between the initial hardness
indentations; however, due to the process of
pH-cycling/treatment in some groups, it was not
possible to visualize the initial indentations. Thus,
for the final indentations to not be made in the
same place as the initial ones (central block), the
markings were moved 100 pm to the side of the
block. The loads used were the same as the initial
ones (25 grams for 15 seconds on the enamel, and
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10 grams for 10 seconds on the dentin).

At the conclusion of the final surface
measurement, the blocks were cut in half and
embedded (Figure 1H), so the analysis of the cross-
sectional hardness of the lesion area and Polarized
Light Microscopy analysis could be performed.

Cross-sectional hardness evaluation

For the cross-sectional hardness analysis, the
halves were embedded in thermopolymerized
acrylic resin (Jet Acrylic Resin - Classic, Campo
Limpo Paulista, SP, Brazil) using an embedder
(Arotec Pre 30Mi, Arotec SA Ind. and Com., Cotia,
SP, Brazil). The embedded specimens were polished
in a water-cooled polishing machine with wet silicon
carbide sandpaper in 400, 600 and 1200 grits,
followed by polishing pastes of 1.0 ym and 0.5
pm, respectively. Between each sanding and each
paste, the samples were cleaned in ultrasound with
distilled water for 5 min to remove any residue.
Transversal microhardness measurements (HMV-
2000 Shimadzu, Columbia, MD, USA) perpendicular
to the demineralized surface were carried out from
the surface (20, 50, 80, 110, 140, 170 and 200
Mm) using a load of 5 grams per 10 seconds on the
enamel and 10 grams for 10 seconds on the dentin.
The measurements were made at three different
sites at each depth for all samples (Figure 1G).

After the superficial and cross-sectional hardness
analysis, data were tabulated and the normality and
homogeneity of variance assumptions were verified.
Parametric tests were performed using one-way
ANOVA and Fischer’s PLSD, using the statistical
software Stat View, at a significance level of 0.05.

Polarized light microscopy
The embedded specimens were then sectioned
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longitudinally in a metallographic cutter (Isomet
2000, Buehler Ltd., Lake Bluff, IL, USA) to obtain
a thickness of around 250 pm. The histological
sections were polished manually with silicon
carbide abrasives in 400, 600 and 1200 grits to
achieve a thickness close to 100 pm. The analysis
was performed using a polarized light microscope
(Axiophot, Zeiss DSM 940 A, Oberkochen, BW,
Germany) with a 400x objective. The images of
the lesion were qualitatively analyzed between
treatments within each substrate (enamel and
dentin).

RESULTS

Enamel

On the microhardness of the enamel surface,
GF showed higher hardness values compared to
the other two groups (GC and GSE) (p<0.0001),
with no statistical difference between GC and GSE
(p=0.272) (Figure 2). Regarding the cross-sectional
hardness values, GF and GSE showed statistically
higher values than GC, and GF showed the best
results (Figure 3). All groups showed statistical
difference between them (p<0.0001).

In the polarized light microscopic analysis, all the
specimens showed areas of negative birefringence,
with areas of demineralization in all of them,
but they were more pronounced in GC and GSE,
indicating that fluoride had a greater preventive
potential on enamel than the grape seed extract
(Figure 4).

Dentin

In the dentin, GF also showed the highest
values of hardness in relation to the other groups
(p<0.0001). There was statistical difference
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Figure 2- Means and standard deviation of enamel surface hardness (KHN) according to the different groups before and

after treatment with fluorides and grape seed extract
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between GSE and the GC, in which GSE showed
higher values than GC (p=0.0009) (Figure 5).
Regarding the cross-sectional hardness values
for the enamel, all groups behaved similarly. The
samples treated with grape seed extract and
fluoride showed statistically higher values than the
control, while GF was statistically higher than GSE

160 -

140 -

112.56
(£37.45)

-

nN

(=]
i

85.07

1001 (13013

[N
(=}
L

Microhardness values (KHN)
N ©
= o

[3e}
(=)
L

(Figure 6) (p<0.0001).

In the analysis of polarized light microscopy,
all specimens, as well as the enamel, also had
negative birefringence areas showing areas of
demineralization, more pronounced in GC and GSE
than in GF (Figure 7).
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Figure 3- Means and standard deviation of enamel cross-sectional hardness (KHN) according to the different groups after

treatment with fluorides and grape seed extract

Figure 4- Polarized light microscopy photomicrographs (40x) of enamel lesions in each group after submitted to an artificial
cariogenic challenge. Artificial carious lesions - areas of demineralization (arrows: negative birefringence areas); A- control

group; B- 1000 ppm NaF; C- GSE
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Figure 5- Means and standard deviation of dentin surface hardness (KHN) according to the different groups before and
after treatment with fluorides and grape seed extract
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Figure 6- Means and standard deviation of dentin cross-sectional hardness (KHN) according to the different groups after

treatment with fluorides and grape seed extract

Figure 7- Polarized light microscopy photomicrographs (400x) of dentin lesions in each group after submitted to an artificial
cariogenic challenge. Artificial carious lesions - areas of demineralization and staining (red) from grape seed extracted
(arrows: negative birefringence areas); A- control group; B- 1000 ppm NaF; C- GSE

DISCUSSION

Bovine teeth have been widely used in in vitro
studies??. The in vitro models of pH-cycling are used
to simulate the dynamic range of the deposition of
minerals occurring in the natural process of carious
lesions?®. This present research was based on the
methodology proposed by Xie, Bedran-Russo and
Wu?° (2008) and allowed to evaluate the effects of
grape seed extract in comparison with fluoride to
prevent demineralization in the enamel and dentin
using an artificial caries model.

Disease progression or reversal of dental caries
depends on the balance between demineralization
and remineralization. This balance depends on
several factors, such as salivary calcium, phosphate
concentration, the bioavailability of fluoride, and
the pH of the saliva?.

In present times, natural products have been
the focus of much research, to be used as new
therapeutic agents!>. The GSE, used in this study,
is composed mainly of PAs, considered powerful
antioxidants and known to have vasodilatory effects
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as well as anti-inflammatory, anti-bacterial and
anti-cancer effects?*.

The PAs represent a variety of flavan-3-ol
(catechin)3, which is a free radical scavenger
required for the absorption of calcium?®. It is also
a polyphenolic compound, and has the potential
to give rise to stable hydrogen, and generate
non-biodegradable collagen matrices?°. For these
characteristics, GSE has been investigated in the
process of the formation of carious lesions.

Enamel demineralization leads to the dissolution
of hydroxyapatite and diffusion of calcium and
phosphate ions in the direction of its surface? . One
of the main reasons for enamel demineralization is
undoubtedly a decrease in pH below the critical point
that leads to the dissolution of hydroxylapatite!4. It
is well documented that fluoride compounds have
been widely used to decrease the development
or progression of caries because of its ability to
promote remineralization, and reduce the rate of
demineralization of teeth”:25.

The first null hypothesis was rejected. While GSE
has behaved the same as the control in surface
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hardness, in the depth, the grape seed extract
reduced the progression of lesions. These results
are in agreement with the studies published by
Zhao, et al.?? (2014) and Mikarimi, et al.?®> (2013),
which showed that grape seed extract can increase
the remineralization of carious enamel lesions,
for it could be an effective natural agent for non-
invasive dentistry. As its effect on the enamel is not
well known, it is possible that the remineralization
of this substrate is due to the precipitation of
minerals, especially in its interior, since most of
its structure is composed of inorganic matter?.
Moreover, according to Cheng, et al.?® (2010), the
gallic acid, a major constituent of the grape seed
extract, facilitates mineral deposition.

When analyzing the images of polarized light,
it was noted that there was lesion formation in
all groups, more pronounced in GC and GSE, but
according to the cross-sectional hardness values,
the structure destruction was higher in GC, showing
that the extract had a better potential in depth
but smaller in comparison with GF. According to
Xie, Bedran-Russo and Wu?°® (2008), probably
after treatment with the grape seed extract, it is
combined with the Ca*? from the remineralizing
solution and may enhance remineralization, but
there are still no studies reporting on the activity of
the GSE in enamel; thus, more research is needed.

Regarding the process of root caries, this
involves two steps: in addition to the dissolution of
hydroxyapatite by acid challenge, as in the enamel,
there is also the degradation of the organic matrix
by proteases of the dentin, saliva, or bacterias®. It
is well known that the structure and the stability
of the collagen matrix are essential for its correct
mineralization?’.

The second null hypothesis was also rejected. In
the dentin, GF and GSE also present effectiveness
in slowing the progression of carious lesions, and
GF also behaved better. According to the data
obtained in this study, GSE can positively affect
the remineralization process, also by means of
mineral deposition, and it can also interact with the
organic portion of the root canal by the PA-collagen
interaction, stabilizing the exposed collagen matrix.
In this way, Bedran-Russo, et al.> (2011), after
using grape seed extract in carious dentin, showed
an increase in their mechanical properties. Thus,
their study suggests that affecting the biochemistry
of collagen and proteoglycan interaction, GSE
can increase preventive and restorative ability of
dentin?®. Other studies have also shown that GSE
can have a positive effect on the remineralization
of root caries and dentinal strengthening process.
The links between the PAs and proteins have been
suggested to involve covalent, ionic, hydrogen or
hydrophobic bonds>*2,

Analyzing the polarized light images and
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comparing them with the hardness values, there
was lesion formation in all groups and it was more
pronounced in GC and GSE, with greater destruction
of the structure in the GC. Despite its pronounced
area, GSE exerted action on the surface and in
depth, but lower than GF.

According to the data obtained in this in vitro
study, it is possible to infer that the grape seed
extract can inhibit demineralization and/or promote
remineralization of carious lesions in the enamel
and dentin, showing greater effectiveness in the
dentin due to its large acting potential on the links
of the collagen matrix. The remineralization effect
of the extract appears to be distinct from the action
of fluoride. However, the grape seed extract may
serve as a promising alternative for the treatment
of carious lesions.

CONCLUSION

Considering the results of this in vitro study,
it is believed that the grape seed extract inhibits
demineralization of artificial carious lesions in both
the enamel and dentin, but in a different way in each
structure and in a smaller scale when compared
to fluoride.
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