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Abstract
Article History Aims: The present study aimed to evaluate the remineralization potential of
Received: 15 November 2024 grape seed (GS) oil incorporated into a prepared paste with different
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Materials and Methods: Forty-four sound permanent premolars were
gathered for this study. After mounting, bracket bonding, and then debonding,

@ ® the teeth were arbitrarily divided into four groups. The artificial enamel caries

was created by immersing the samples in a demineralization solution. The
enamel surface treated with: Group I (n=11), Control negative (artificial saliva),
Group II (n=11), CPP-ACFP paste. Group IlI(n=11) 5% GS (pastel). Group
IV(n=11) 10 % GS (paste2). 8 specimens were exposed to Surface Micro
Hardness test (SMH), and 3 were exposed to Scanning Electron Microscope
with Energy Dispersive X-ray Spectroscopy (SEM-EDX) after a period of 30
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INTRODUCTION

Dental enamel is the hardest, most mineralized structure in the human body. It is
comprised of 96 wt.% of mineral content as hydroxyapatite crystals combined with 4
wt.% of organic material and water. Enamel is not an inert system; it is a unique self-
assembly in the mineral world (a cellular, vascular, and non-innervated), contributes
in many processes such as ion transport, from saliva to dentine, or ion exchange
reactions, such as phenomena of demineralization and remineralization (1).

Loss of this hardest tissue may occur, especially during orthodontic treatment in
the addition to enamel cracks, scratches, and scarring that also may happen, and all
orthodontic treatment stages are associated with potential damage to dental enamel
such as polishing with abrasives, the bonding procedure, acid etching, removal of
bracket, composite remnants removal by rotary instruments and the rebonding of
failed brackets. In addition to all, enamel demineralization and white spot lesions
(WSLs) formation are encountered as an undesirable complication and a common one
that could occur during or after the completion of fixed orthodontic treatment (2).

WSLs may appear clinically on the 4th week after the beginning of fixed
orthodontic treatment, and may rapidly develop if the oral hygiene is poor, with their
prevalence ranging from 2% to 97% (3).

According to the minimal invasive dentistry strategy, incipient carious lesions of
enamel must be treated through non-invasive approaches of remineralization. For this
persistence, dentists turned to use dentifrices, mouthwashes, topical gels, and
varnishes that contain fluoride to treat WSLs (4).

In recent years, there are a number of the remineralization systems that developed
beyond fluoride remineralization and these systems divided into as called intrinsic
and extrinsic systems, intrinsic approach such as proteins, peptides and dendrimers
which are able to adsorb to specific sites and to accumulate the calcium ions and
phosphate ions in the saliva and this accumulation lead to mineralization, while

extrinsic approach such as nanocrystalline and amorphous calcium phosphate which
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are provided calcium and phosphate from external sources to the sites to be
mineralized(5).

Casein phospho-peptide amorphous calcium phosphate (CPP-ACP) is an
example of an extrinsic remineralization system, a bioactive agent derivative from
casein, which is a bovine milk protein, and many studies demonstrated its
anticariogenic activity, which can prevent enamel demineralization and promote the
enamel] lesion remineralization by maintaining a state of mineral supersaturation at
the tooth surface. CPP-ACP interacted with fluoride ion to produce ACPF, which is a
complex that is stabilized by CPP at the tooth surface and forms fluorapatite that is
more resistant to acidic attack, and so promotes enamel remineralization (6).

In addition to these systems, there are some natural products, such as plant
products, that have the ability to promote enamel remineralization such as Galla
chinensis, Hesperidin, Gum Arabic, Propolis, and Grape seed extract (GSE) have been
found to suppress the demineralization and promote the remineralization (5).

The grape seed oil has been documented in the literature since the 14th century in
Spain, and the king decided to protect its composition and termed it “oil of the throne”
or “royal 0il” because of its therapeutic properties (7). It contains a big number of
phenolic compounds, including flavonoids, phenolic acids, carotenoids, stilbenes, and
tannins; the main polyphenols called Proanthocyanidins (PACs) are catechins,
epicatechins, procyanidin B1, and trans-resveratrol, which are biologically active
constituents of GS. In addition, it contains gallic acid(8). Also, GS oil presents a wide
variety of macro-elements and micro-elements, including phosphorus, potassium, and
calcium(9).

In dentistry, Grape seed extract has been used in many fields, but in the preventive
tield, GSE is used for the prevention of dental caries, either by acting on the prevention
of biofilm adhesion as antiplaque agents or acting against cariogenic bacteria as
antibacterial agents or acting on prevention of collagen matrix degradation as bio
modifier agents or enhancing the natural remineralization progression as
remineralizing agents (10).
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Several studies have encouraged the usage of grape seed extract (GSE) as a
remineralizing efficiency for dentin lesions, but there is a deficiency of data about the
effect of GS oil on the remineralization of WSLs (10). So, this study may be of worth,
that intended to determine the effect of GS oil in two different concentrations (5% and
10%) incorporated in a paste on the demineralized enamel after bracket debonding
and compared with CPP-ACPF. The null hypothesis verified that there were no
statistically significant differences detected in the SMH test and SEM-EDX among the

study groups.

MATERIALS AND METHODS
Teeth selection

Forty-four permanent sound premolar teeth were selected from patients
undergoing orthodontic treatment, by means of an ethical protocol that was approved
by the ethical committee at College of Dentistry, University of Mosul (approval no.
UoM.Dent 23/63, November 15, 2023).

The collected teeth were rinsed with tap water, cleaned using a soft toothbrush to
remove any tissue debris and blood, 0.1 % thymol solution was used for the storage of
these collected teeth at room temperature until use. The teeth were excluded from the
study if any enamel cracks, defects, WSLs, and fluorosis were observed on the buccal
tooth surface that checked and examined by an LED light (11).

Sample preparation

The teeth were mounted in plastic rings; first, the ring was filled to a half by dental
stone, after stone setting; the tooth positioned perpendicular to the center of the ring
base using sticky wax, after that the ring was adjusted on the surveyor’s base as the
surveyor’s analyzing rod should be parallel with tooth’s long axis then the ring was
filled until cementoenamel junction with auto polymerized acrylic resin, all the
samples were polished with non-fluoridated pumice using polishing rubber cup, then
the samples were kept at room temperature in distilled water until bonding procedure

(12). Phosphoric acid 37% gel (Maquira/ Brazil) was used to etch the buccal enamel
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surface for 30 sec., then washed away with water spray for 15 sec., and dried by
compressed air for 10 sec. Premolar standard edgewise 0.022 brackets (Dentaurum/
Germany) were bonded with the fluorescent orthodontic adhesive (FIX/ Maquira/
Brazil) and light-cured ( Woodpecker/ Jiangsu/ China) for 10 seconds on each side
(total 40 seconds) (13). After the bonding procedure, all specimens were kept at room
temperature in distilled water for 24 hour and then, the bracket was removed by a
universal testing machine (GESTER/ Fujian/ China) as shown in (Figure 1 a).

The remaining adhesive was removed from the buccal surface using truncated
cone rounded-end, carbide bur (Ortho Technology/ England) as shown in (Figure.1 b)
in a high-speed handpiece with water cooling (300,000 rpm) according to the
manufacture instruction of the debonding bur, for 20 seconds, until no residue
remained that can be visible by the fluorescent tracker of the adhesive system that
used, then using a sof-lex polishing disc (Tor VM / Russia) in a low-speed
handpiece(13).

The samples were arbitrarily separated into the following 4 groups (n = 11) based
on the treatment of the enamel surface:

Group I: Control negative (demineralized only and stored in artificial saliva)
Group II: demineralized, followed by the application of CPP-ACFP paste
Group III: demineralized, followed by the application of GS paste 1

Group IV: demineralized, followed by application of GS paste 2.

All the specimens were kept in artificial saliva at room temperature, and after 30
days, they were subjected to surface microhardness using a Vickers microhardness
tester (SMH) and Scan electron microscope with energy dispersive X-ray spectroscopy
(SEM-EDX).

Artificial carious lesions preparation

The middle third, 5*5 mm in size, of the buccal surface was wrapped by adhesive
tape, and the entire tooth surface was varnished by using acid-resistant nail paint. to
protect it. The adhesive tape was detached, leaving a 5*5 mm buccal window. Every
tooth was individually immersed in 15 ml of demineralizing solution for 96 h at 37°C.
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as shown in (Figure.l c). The demineralizing solution consisted of 2.2mM CaCl.,
2.2mM Na:HPOs, and 0.05 M CHsCOOH with 1M KOH to obtain pH= 4.4 (14), that
adjusted by using a pH meter (PH-009(I) A, China). The demineralizing solution was

replaced with a fresher one every 24 h to maintain the pH constant.

Figure (1): (a) bracket removal by universal testing machine. (b) remanent adhesive
removal, (c) samples in demineralizing solution.
- GS pastel preparation. 1% (w/v) Carboxy methylcellulose (CMC) dissolved in hot
distilled water to prepare CMC solution by using a magnetic stirrer (hot plate and
magnetic stirrer/labnet/ Mexico) at 500 rpm with 40°C for about 30 min until complete
dissolution. Then, 1% (w/v) Sodium lauryl sulfate (SLS) was dissolved in distilled
water in another beaker to form an SLS aqueous solution. 30% (w/v) sorbitol with SLS
solution was added gradually to the CMC solution under continuous stirring at 300
rpm at 40°C for 15 min until complete polymerization and a homogeneous mixture
was obtained. A 5 % grape seed oil (Sigma-Aldrich, USA) was added dropwise and
very slowly to the mixture under continuous stirring, then addition of 0.5% (w/v)
titanium dioxide and 0.1% (w/v) of methylparaben for opacification and preservation
with gentle stirring at room temperature until paste like formula was obtained(15).
The prepared paste was then filled in dark and closed container labeled as 5 % GS and

stored in the refrigerator until used.
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- GS paste2 preparation. The same procedure of GS pastel preparation, except that 10
% grape seed oil (Sigma-Aldrich, USA) was used, and the prepared paste was labeled
as10 % GS.

Grouping and Surface Treatment

Group I (11 teeth): the samples were subjected to demineralization solution only and
then kept in artificial saliva.

Group II, IIT and IV (33 teeth): after demineralization, the buccal surface through the
window of the samples were varnished by a micro brush applicator with CPP-ACFP
(GC America Inc./ USA), 5 % GS (paste 1) and 10 % GS (paste 2) respectively according
to the instructions of manufacturer for CPP-ACPF (twice daily), and left undispensed
for 3 min at that time spread in a circular motion over the surface for 1 min and then
after 5min washed away with deionized water for 30s and kept in artificial saliva(16).

All the samples in all groups were stored in artificial saliva during the period (30
days) at 37 °C. The composition of artificial saliva according to Taqa et al. was as
follows: 0.4g KCL, 0.4g NaCL, 0.780g NaH:POu4. 2H20, 0.795g CaCL.. 2H:0, 0.005g
NaSe.H20 and 1g CO(NH-2): dissolved in 1L deionized water and adjusted to pH=7 by
KOH (17), and was replaced every 24 h to keep the pH constant.

Surface Microhardness measurement (SMH)

Surface microhardness test was carried out by using a Vickers microhardness
tester (HVS 1000, Lian gong Co. Ltd, China) under 500 g load for 15 sec., which was
constant throughout the entire study for all the samples (18). Three indentations were
measured on the exposed enamel window of each sample, and the mean value of
microhardness readings was calculated and considered.

Surface morphology and Elemental measurement (SEM-EDX)

Three samples from each group were employed for this analysis, the specimens
were decoronated from the mold and 8 mm in height rubber rings poured with auto
polymerized acrylic resin used for holding the coronal portions of the teeth with the
labial surface facing upward then dehydrated by ethanol, dried in air and gold coated
by sputter coater (Quorum, Q300T T, USA) as shown in (Figure 2 a). SEM (Zeiss/
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version 7.01/ Germany) as in (Figure .2 b) investigated the surface morphology of an
enamel sample with13 kV accelerating voltage. The elemental analysis of the enamel

lesion surface was examined by EDS.

A B

Figure (2): (a) gold coater sputter. (b) scanning electron microscope.

Statistical analysis

The sample size for each test was computed regarding 80 % power with a statistical
significance level determined at p < 0.05. The SPSS version 26 software program (SPSS
IBM Statistics, USA) was used for statistical analysis. Data was explored the normality
distribution using the Shapiro-Wilk test, and conducting parametric tests for SMH and

non-parametric tests for EDX. The statistically significant level is set at (p < 0.05).

RESULTS
Surface-Microhardness
According to the Shapiro-Wilk test, all the data were distributed normally. The

mean value + standard deviation (SD) of the specimens in the all groups are shown in

Tablel. that revealed the 5 % GS group had the highest surface microhardness mean
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value, One-way ANOVA and Tukey’s post hoc test multiple comparisons are shown in
Table 2 and Table 3 respectively, One-way ANOVA revealed a significant difference
(0.004) among all study groups (p <0.05). Tukey’s post hoc test showed that there was a
significant difference (0.003) between 5 % GS group and the control negative group, but
there were no significant differences among the samples treated with CPP-ACFP, 5 %
GS, and 10 % GS at p <0.05.

Table (1): Mean + Standard Deviation of Surface Microhardness

Groups N Mean + SD

Control negative 8 130.15 £ 39.89

CPP-ACFP 8 211.12+91.13

5% GS 8 249.21 +19.75

10 % GS 8 181.15 +13.69

Table (2): One-way ANOVA of SMH
Sum of Squares df Mean Square F P-value

Between Groups 59187.581 3 19729.194 5441  0.004
Within Groups 101520.744 28 3625.741
Total 160708.325 31

Significant at p value < 0.05

Table (3): Tukey post hoc test of SMH Multiple Comparisons

‘Groups Mean Differences Std. Error P-value‘
Control negative CPP-ACPF -79.52500 30.10706 0.061
59% GS -117.61250* 30.10706 0.003*
10 % GS -49.55000 30.10706 0.370
CPP-ACPF
5% GS ~38.08750 30.10706 0.592
10 % GS 29.97500 30.10706 0.753
5% GS
10 % GS 68.06250 30.10706 0.132

Significant at p value < 0.05
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-Micro morphological observation

SEM of the demineralized enamel surface revealed an irregular surface with
discontinuity, scratches, and roughness consequential from the enamel crystals
dissolution by the demineralizing process (Figure .3 a). In the samples treated with CPP-
ACFP, SEM showed the deposition or formation of disaggregated nanoclusters with a
globular structure like CaF: deposits, and the honeycomb pattern can be observed
(Figure .3 b). SEM of the samples treated with 5 % GS (paste 1) showed the normal
surface with elevated humps of enamel rods without the honeycomb pattern (restoring
the normal structure of enamel that appears as convexities) (Figure .3 c). SEM of the
samples treated with 10 % GS (paste 2) revealed the enamel surface with erosion of the
humps (concavities) of the enamel prisms with more density, and despite the
honeycomb pattern being observed, the surface appeared as a dense, compact layer with

less irregularity (Figure 3 d).
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Figure (3): SEM of: (a) control negative group. (b) CPP-ACFP group. (c) 5% GS group.
(d) 10 % GS group.
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-EDX

The mean + SD of the Ca, P, and F elements in weight percentage, in addition to the
Ca/P ratio of all groups, are shown in Table 4. There were no statistically significant
differences according to the Kruskal-Wallis test between Ca, P, and F elements, in
addition to the Ca/P ratio among the study groups, as shown in Table 5. But 5 % GS had

the highest mean value of Calcium in weight percentage, followed by CPP-ACPF.

Table (4): Mean + standard deviation of Calcium, Phosphorus, and Fluoride

Groups N Mean + SD

Ca P F Ca/P
Control negative 3 28.96 +4.0 1770 £2.4 1.2+0.3 1.64 +.18
CPP-ACFP 3 32.03+10.6 16.70+2.5 1.5+0.4 1.88 +.41
5% GS 3 33.70+0.5 16.40 03 1.0x0.3 2.05+.01
10 % GS 3 27.93 +3.8 11.50 + 1.0 1.6+0.3 241 +12

Table (5): Kruskal-Wallis test of Calcium, Phosphorus and Fluoride

EDX Kruskal-Wallis df P-value
Calcium 3.923 3 0.270
Phosphorus 6.590 3 0.086
Fluoride 4.751 3 0.191
Ca/ P ratio 7.964 3 0.05

Significant at p-value < 0.05

DISCUSSION

The removal of residual adhesive after orthodontic treatment is critical to avoid
potential damage to the enamel surface. No technique has been established to
efficiently and thoroughly remove the residual adhesive without producing minor
damage to the enamel surface, such as roughness, cracking, wear, overheating of the
teeth, and damage to the pulp (19). It is valued that (5-20) um of the enamel is lost.
Koprowski et al. evaluated the enamel quality after treatment and the cleaning-up
procedure of bracket debonding through the use of computed tomography. The results
revealed that the thickness of enamel after orthodontic treatment had reduced by

around 125um (20).
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Many studies recommended different methods for the resin remnants removal,
such as manual removal, rotary removal, ultrasonic devices, hydro abrasion, and laser.
In the current study using 24-blade rounded-end carbide bur was used for removing
a thick excess of adhesive if present, according to the concept of the ultraviolet
fluorescent tracker that is present in orthodontic adhesive which enables the selective
removal of the adhesive from the tooth sample followed by sof-lex polishing disc as it
has better polishing of the enamel surface dependent on the D. Greenhalgh et al. (13)

A newer approach for the remineralization process of dental hard tissues is the use
of natural products or nutraceuticals that may be considered the best choice for their
biocompatibility, safety, shelf life, availability, efficacy, and low toxicity with low cost
(10). Because of all previous studies conducted on grape seed extract efficacy, and there
were no available data about the grape seed oil on the tooth surface, this study tested
the potential effect of GS oil incorporated in paste with two different concentrations
on the demineralized enamel surface.

In the current study, enamel surface micro-hardness and surface morphological
analysis with elemental assessments were tested to study the effect of nutraceuticals'
remineralization potential that exists in GS oil with two different concentrations (5%
and 10%) compared to CPP-ACPF on demineralized enamel.

Vickers Micro-hardness test and SEM-EDX were chosen to be tested in this study
as micro hardness test is the most appropriate for the enamel, and it is a simple, rapid,
and nondestructive measurement that is used in cariology studies. SEM analysis is
extremely sensitive to changes in the hard tissue surface(21), and EDX is indicative of
chemical changes that occur as the minerals may be dissolved or replacement of ions
may occur(22).

CPP-ACPF is one of the gold standards of treatment for early carious lesions of
enamel, which is categorized as a bioavailable calcium phosphate remineralizing
agent, and has displayed a satisfactory remineralization effect in many studies (16,22).
An increase in the mean value of micro-hardness and Ca/ P ratio after remineralization
by CPP-ACPF was revealed in this study. CPP-ACPF nano complex, when applied on
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the tooth surface, firmly binds and affords a reservoir of bioavailable phosphate,
calcium, and fluoride ions that enter the enamel rods and increase the mineral contents
and hardness values of the enamel surface after the demineralization process (23).

This study revealed no statistically significant difference in enamel surface micro-
hardness amongst GS oil with two concentrations and CPP-ACPF groups, but there is
a significant increase in the mean value of microhardness value after remineralization
with GS oil at 5 % concentrations compared to control negative group, this outcome is
in agreement with results of Hameed et al.(10), Rao et al. (21), and Sebastian et al. (24),
and this can be attributed to the GS oil constituents, especially proanthocyanidins
(PACs) and gallic acid (GA); several studies exhibited that type I collagen and type X
collagen are existing in enamel matrix, and these collagens are proline-rich proteins
that interact with PAs and form proline-PA complex, increasing cross-links collagen,
and this increase could occur by different interactions either ionic, covalent, hydrogen
bonding or hydrophobic interaction (22,25,26).

Collagen cross—links have two terminal groups: carboxyl (-OH) and amine
(NH3+) groups, and through these groups, these collagen peptides combine with
hydroxyapatite (HA) crystal ions that facilitate the absorption of collagen peptide into
the surfaces of HA, and this existence boost the hydroxyapatite growth (10). In
addition to the gallic acid (GA) that interacts with Ca*™ from the surrounding media,
forming the GA-Ca® complex, its insoluble compounds, thus GA was supposed to
enable the deposition of mineral, especially on the surface (22). According to these
results, it is predictable that exogenous collagen cross- links involves in the
remineralization process of WSL by GS oil.

According to these findings SEM micrographs showed a remarkable variation in
the enamel surface, the samples treated with 5% GS oil revealed that GS oil restoring
the natural features of enamel surface that appear as humps of prisms (convex
structures) when comparing with other study groups, while the enamel surface of
samples treated with 10% GS oil showed erosion of the humps (concave) with
deposition of few irregular nanoparticles and these outcomes agree with Nagi et al.
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(22), findings as when used 6% GSE, enamel surface porosities occluded with
precipitations whereas 10% GSE, deposition of insoluble complexes with globular
agglomerates (22, 23).

These results were reinforced by EDX outcomes of 5 % GS oil samples that
revealed the highest Calcium mean value and Ca/P ratio among the study groups, and
there were no significant differences between the two concentrations of GS oil and
CPP-ACEFP, but the 10 % GS group showed a slight increase in Ca/ P ratio with control
negative group.

As there was an increase in the surface micro hardness of demineralized enamel,
improvement in enamel surface morphology, and an increase in Calcium and Ca/P
ratio mean value after treatment with experimentally prepared GS oil paste and CPP-

ACPF paste, the null hypothesis was rejected.

CONCLUSIONS
Within the limitations of the current study, it is possible to conclude that:

The prepared paste from grape seed oil has a positive effect on the remineralization of
the demineralized de-bonded enamel, making the grape seed oil an effective

remineralizing potential natural agent.
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