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ABSTRACT
Proper bonding to dentin depends on efficient infiltration of resin into the demineralized microporous
collagen and formation of hybrid layer. Grape Seed Extract (GSE) has up to 97% PA and can potentially
stimulate collagen cross linking and increase the stiffness of dentin. This study was designed to evaluate the
efficacy of GSE on composite-dentin bond strength in different times and concentrations. In this experimental
study, 60 freshly sound extracted teeth selected. The dentin surface of each specimen was acid-etched with
37% Phosphoric acid gel for 15 seconds and then they were rinsed for 10 s with distilled water. All teeth were
divided to five groups (each group consists of 12 teeth). In control group GSE was not applied and in other
groups different concentrations of GSE were applied for different times. The micro-shear bond strength of
composite-dentin interface was evaluated using universal testing machine at a crosshead speed of 1
mm/min. Data were statistically analyzed using ANOVA test by SPSS software ver.15 ( α=0.05). The highest
bond strength of one-day group was 17.28 MPa and the lowest bond strength in one-hour and one-minute
group was 3.70 MPa. The difference between control group and one-day group, one-hour group and oneminute group was significant (p values 0.002, 0.024 and 0.012 respectively). Mann-Whitney revealed also
that there was no significant difference between the experimental groups. We concluded that the produced
GSE material could not improve the bond strength between adhesive and dentin.
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INTRODUCTION
Adhesive resin composite systems have found
their niche in the field of esthetic dentistry and
most of the lost dental tissues are replaced by
composite in the esthetic zone. Although
composite restorations rely on adhesive systems
to replace teeth lost structures, achievement of
durable bond to underlying tooth structure has
been a dilemma for clinicians as the average
replacement time of tooth colored restorations
was estimated 5.7 years [1].

tooth [2]. Dentin consists of an organic phase of
type one collagen and inorganic phase saturated
with hydroxyapatite crystals [3]. Proper
bonding to dentin depends on efficient
infiltration of resin into the demineralized
microporous collagen and formation of hybrid
layer [4-5] and stable hybrid layer between
resin and collagen microfibers assure a durable
bond [6].
Although new bonding systems warrant a
durable bond and proper marginal seal, this
bond starts to deteriorate 3 to 6 months after
use of bonding systems [7-8]. It has been proven
that inappropriate infiltration of resin into
collagen micro fibrils, makes the dentin-resin
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bond vulnerable to degradation [9]. The
deterioration of resin-dentin bond can be
attributed to enzymatic degradation of collagen
micro fibrils or adhesive resins [8, 10]. It was
shown that deterioration of any component of
hybrid layer, facilitate the infiltration of dentinal
fluid into hybrid layer and accentuate the
degradation phase [11]. Also the activation of
matrix metaloproteinases (MMPs) after acid
etching procedure can be a potential cause of
bonding degradation [12-13].
To control the deterioration of dentin-resin
bond, the quality of two different component of
hybrid layer should be enhanced. Most of the
researches have focused on resin properties and
also improved bonding agents and techniques
but there is no promising investigation
regarding the improvement and structural
durability of collagen component of dentin-resin
bond [3]. Bond's stability depends on
mechanical features of collagen fibers and any
attempt to enhance collagen properties and
stabilize collagen component, can directly affect
the durability of bond [14].
Type I collagen is prominent in dentin and this
collagen can be modified by cross-linking
agents. The efficacy of cross-linking agents has
been investigated in different tissues and it was
declared that these agents can enhance nanomechanical features like hardness and modulus
of elasticity and increase the denaturation
temperature of collagen fibrils [15-17].
Researchers claimed that these agents can
increase the collagen biodegradation resistance
in the dentin-adhesive interface and can
improve the resin-dentin bond properties
consequently
[18].
Glutaraldehyde
and
proantocyanidin (PA) are two cross-linking
agents that have shown promising results in the
field of dentistry. Glutaraldehyde is which can
stabilize collagen efficiently but its drawbacks
like toxicity restricted its use [19]. In contrary to
glutaraldehyde, PA is a natural plant flavonoid
which is available in fruits, flowers, nuts and
especially in grape seed extracts from VINIS
VITIFERA [19]. Grape Seed Extract (GSE) have
up to 97% PA and can potentially stimulate
collagen cross linking [16]. This agent also
increase the stiffness of dentin [20] and can
inhibit the activity of MMPs [21-22].
There are numerous studies which investigated
the effect of GSE on the collagen stability [3],
nano-mechanical feature [15] and biodegration
resistance [18] and most of them represented

promising results and showed that GSE can
enhance the mechanical feature of collagen but
there are no many studies which evaluate the
efficacy of GSE on resin-dentin bond strength in
practical condition. Srinivasula et al. [23]
concluded that the use of 6.5% PA can
significantly increase the bond strength while in
another study PA could not reveal promising
results [24]. As there are conflicting results
regarding the efficacy of PA on dentin-resin
bond strength and there is no definite practical
protocol for the use of PA, this study was
designed to evaluate the efficacy of GSE on
composite-dentin bond strength in different
times and concentrations.
MATERIALS AND METHODS
Study design
In this experimental study, 60 freshly extracted
teeth had been selected after the patients'
informed consent had been obtained after
approval by the ethical committee of Isfahan
University of medical science.
Included teeth were intact, carries free human
molar teeth and teeth with any sign of crack or
developmental defect were excluded. Teeth had
been stored in 0.2% Thymol solution for one
month after extraction.
Specimen preparation
The occlusal enamel was removed using a water
cooled, low speed trimmer at 90°to longitudinal
axis of teeth to expose the underlying dentin.
The exposed dentine was polished wet with
180-grit silicon carbide paper for 15 s to create
a standardized smear layer on the surface of
dentine.
Preparation of experimental grape seed
extract
Grape's seeds from Vitis Vinifera Species were
extracted by percolation method using ethanol
solvent. The extract then was concentrated by
rotary device and the extract reached to its
desired concentration of 100% (this 100%
concentration differs from 100% concentration
in another study as the effective materials are
1/3 of what other studies had used).
200cc grape seed extract was gained from 700gr
grape seed and this 200cc was considered 100%
concentration in the present study. As it was
mentioned, the amount of effective agents of the
prepared extract is 1/3 of what similar studies
had used, so 6.5% concentration which was
gained in other studies was considered
3x6.5%≈20% in the present study. In order to
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prepare 20% extract, 20 Deg Bitrex free ethanol
was used. It means 20 units GSE was added to
80 units 20 Deg Bitrex free ethanol. According to
adequate wetting of 100% extract, this
concentration was also used in the present
study.
Dentin surface preparation
The dentin surface of each specimen was acidetched with 37% Phosphoric acid gel for 15
seconds and then they were rinsed for 10 s with
distilled water. The etched dentin was blot-dried
according to wet bonding technique.
All teeth were divided to five groups (each
group consists of 12 teeth) according to the
protocol which was used to apply GSE on
demineralized dentin:
First group: GSE was not applied on the dentin
(control group).
Second group: GSE with concentration of 100%
was applied on the demineralized dentin for 1
minute.
Third group: GSE with concentration of 20%
was applied on the demineralized dentin for 1
minute.
Fourth group: GSE with concentration of 100%
was applied on the demineralized dentin for 30
seconds.
Fifth group: GSE with concentration of 20% was
applied on the demineralized dentin for 30
seconds.
GSE was applied on dentin surface using micro
brush and then air thinned for 2s
Bonding procedure
According to the manufacture instruction two
layers of Single Bond adhesive was applied on
the dentin surface and was cured for 20s by LED
light curing device (500 mW/cm2). Tygon tube
with 0.9 mm diameter and 1mm height was
used for placing the Z 250 resin composite. The
composite filled tygon tube was placed on the
dentin surface and was cured for 20 seconds.
Then tygon tube was cut away from composite
cylinders and all specimens were kept in
distilled water at 37 8C for 24 h. Micro-shear
bond strength testing The micro-shear bond
strength of composite-dentin interface was
evaluated using universal testing machine at a
crosshead speed of 1 mm/min. Data were
statistically analyzed using ANOVA test by SPSS
software ver.15. ( α=0.05).

RESULTS
In the present study the highest and the lowest
mean shear bond strength of adhesive to dentin
was for control group and one-day experimental
group (9.19 ± 2.35 and 7.17 ± 3.48 respectively).
The highest bond strength of one-day group was
17.28 MPa and the lowest bond strength in onehour and one-minute group was 3.70 MPa
(Table 1).
Because the data were not hemogen KruskalWallis test was used it showed that there is a
significant difference among groups (p= 0.015).
Mann-Whitney revealed that the difference was
between the control group and the three other
groups. The difference between control group
and one-day group, one-hour group and oneminute group was significant (p values 0.002,
0.024 and 0.012 respectively). Mann-Whitney
revealed also that there was no significant
difference between the experimental groups.
DISCUSSION
The inherent stiffness of type-I collagen is
derived from extra-cellular formation of
covalent inter-molecular cross-links [25], which
are claimed to enhance the bond strength of
adhesives to dentin [26]. PAs interact with
proteins through hydrogen bonding, covalent
interaction, ionic interaction and hydrophobic
interaction [27]. The primary mechanism of
collagen stabilization with PA is the formation of
hydrogen bonding [15].
The high affinity of PAs to proline-rich proteins
like collagen is proved (Long-term bonding
effectiveness of simplified etch-and-rinse
adhesives to dentin after different surface pretreatments). Proline, an amino acid with a
carbonyl oxygen adjacent to a secondary amin
nitrogen, is a very good hydrogen bond acceptor
[16].
Cross-links are therefore anticipated to occur
when applying PA-rich GSE to collagen-rich
dentin matrix [28] which leads to stabilization of
demineralized dentin collagen. Since an increase
in the mechanical properties of collagen in the
hybrid layer likely results in a prolonged life of
restoration, the induction of cross-linking with
PA compounds may be beneficial for restorative
dentistry [29]; however the results of the
present study demonstrated that pretreatment
with the
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Table 1:Mean, standard deviation, minimum and maximum bond strength in different groups
Groups
Oneday group
Onehour group
Oneminute group
Control group

N
11
11
11
11

Minimum (MPa)
4.93
3.70
3.70
6.17

produced GSE on demineralized dentin not only
did not increase the shear bond strength of
adhesive to dentin, but also reduced the shear
bond strength compared to the control group.
In the present study the highest concentration of
GSE with a viscosity similar to Single Bond was
produced to benefit the highest amounts of PA.
This concentration is almost 5 times higher than
Mega Natural Grape Seed Extract. Although it is
suggested that higher concentrations of GSE
result in higher mean stiffness values of dentin
[20], the insufficiency of the resultant extract
can be explained by the fact that higher
concentrations of PAs might not penetrate into
the tissues efficiently, reducing the chance for
providing cross-links in collagen matrix [16].
The primary distinction between the various
PA-rich plant extracts that are available on the
market today, such as GSE, is their underlying
extraction process, representing one of the key
pharmacognistic parameters. The sourcing of
start material and the extraction process of the
products have profound effects on the
composition, potency and PA content of
resulting extract [25, 30]. It is reasonable that
the variations of chemical structures and overall
compositions affect their characteristics and
cross-linking potential in the collagen matrix
[28, 30]. In the present study vitis vinifera
species of Gewurztramine type were selected for
extracting their seeds. We used percolation
method because it is able to solubilize
prianthocyanidin more sufficiently (reference:
Proanthocyanidins: Extraction, Purification, and
Determination of Subunit Composition by
HPLC). As ethanol is added to water (to provide
solvent), the entropy of mixing increases and the
structure of the solvent mixture becomes less
ordered, favoring the interactions of the solute
with the solvent mixture [31], thus ethanol was
selected as solvent in the present study;
however it may have had an adverse effect on
the bond strength of adhesive to dentin collagen.
More details are explained below.
Collagen is a fibrous biopolymer that normally
exists in an aqueous environment [32]. Interpeptide H-bonding is important for maintaining
the helical structure of collagen (33). Water is
the strongest known hydrogen bonding (H-

Maximum (MPa)
17.28
14.81
14.81
14.81

Mean ± Std. Deviation (MPa)
7.17 ± 3.48
7.28 ± 3.23
7.28 ± 3.75
9.19 ± 2.35

bonding) solvent [34]. It forms clusters around
the collagen residues that prevent inter-peptide
H-bonding. Water breaks the inter-peptide
bonds in dried collagen due to its higher Hbonding capacity, plasticizing the collagen fibrils
and filling the inter-fibrillar spaces. This causes
matrix to expand to its full extent [35]. The
removal of associated water through chemical
dehydration, i.e. replacement with different
polar solvents such as methanol, acetone and
ethanol, causes shrinkage of collagen matrix in
demineralized dentin [36-37]. Although it is
stated that this shrinkage can lead to higher
tensile modulus and ultimate tensile strength
[25], it will also reduce the inter-fibrillar spaces
that serve as diffusion channels for resin
infiltration and ultimately compromises the
bonding of adhesive systems to dentin [38]. The
bond strength of 10 min and 1h GSE treated
dentin restored with Single bond has already
been assessed [27, 39], showing that
pretreatment with GSE increases tensile bond
strength. In the present study the shear bond
strength of Single Bond to dentin was evaluated
at 1 min, 1h and 24h immersion times. The
rational for choosing 1 min immersion period
was its clinical relevance.
Since there are no researches with exactly the
same design as the present study, precise
comparisons cannot be made. Srinivasulu et al.
[23] reported that treatment of dentin with GSE
significantly improves bond strength of resin
composite to deep dentin. The primary contrast
between this study and the present study goes
back to different GSE used. Srinivasulu et al.
used Puritans Pride GSE but we produced GSE in
pharmacognostics laboratory. Apparently the
produced GSE could not enhance the cross-links
of collagen matrix, not able to improve the bond
strength.
The majority of recent studies on GSE products
reported improved characteristics of dentin
including stiffness [20, 25], tensile strength of
bond between adhesive and dentin [3, 26-27,
30], stabilization of collagen matrix [16, 28] and
nano-hardness of the dentin [28, 40] after
pretreatment with GSE. The main difference
between these studies and the present study, as
mentioned before, is the different GSE product
used. Moreover, different selected tooth,
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different composite and adhesive materials,
different storage times etc. could have affected
the results.
9.
PAs are polyphenolic phytoconstituents with
chemical structures based on flavolol-3-ol
monomers [41]. In addition to different linkages
the monomeric matrices, the flavones skeleton
can bear various substitutions and patterns and
differ in stereochemistry. As a result, PAs are
typically very complex products to analyze and
provide a phytochemical challenge [40], as a
result, we did not determine the PA content of
the produced GSE which is one of the limitations
of the present study. We may suggest further
researches into mechanical properties of
demineralized dentin and shear bond strength
of adhesive to dentin after treatment with GSEs,
with various methods of extraction. With the
limitations of this study we concluded that the
produced GSE material could not improve the
bond strength between adhesive and dentin.

10.

11.

12.

13.
REFERENCES
1.

2.

3.

4.

5.

6.

7.

8.

Ludlow J, Davies-Ludlow L, Brooks S,
Howerton W. Dosimetry of 3 CBCT devices
for oral and maxillofacial radiology: CB
Mercuray, NewTom 3G and i-CAT.
Dentomaxillofacial
Radiology.
2006;35(4):219-26.
Marshall Jr GW, Marshall SJ, Kinney JH,
Balooch M. The dentin substrate: structure
and properties related to bonding. Journal
of Dentistry. 1997;25(6):441-58.
Macedo G, Yamauchi M, Bedran-Russo A.
Effects of chemical cross-linkers on cariesaffected dentin bonding. Journal of dental
research. 2009;88(12):1096-100.
Nakabayashi N, Kojima K, Masuhara E. The
promotion of adhesion by the infiltration of
monomers into tooth substrates. Journal of
biomedical
materials
research.
1982;16(3):265-73.
Pashley D, Carvalho R. Dentine permeability
and dentine adhesion. Journal of Dentistry.
1997;25(5):355-72.
Nakabayashi N, Nakamura M, Yasuda N.
Hybrid Layer as a Dentin-Bonding
Mechanism. Journal of Esthetic and
Restorative Dentistry. 1991;3(4):133-8.
De Munck Jd, Van Landuyt K, Peumans M,
Poitevin A, Lambrechts P, Braem M, et al. A
critical review of the durability of adhesion
to tooth tissue: methods and results. Journal
of dental research. 2005;84(2):118-32.
Breschi L, Mazzoni A, Ruggeri A, Cadenaro
M, Di Lenarda R, De Stefano Dorigo E. Dental

14.

15.

16.

17.

18.

19.

adhesion review: aging and stability of the
bonded
interface.
Dental
Materials.
2008;24(1):90-101.
Zou Y, Jessop JL, Armstrong SR. In vitro
enzymatic biodegradation of adhesive resin
in the hybrid layer. Journal of Biomedical
Materials Research Part A. 2010;94(1):18792.
Tay FR, Pashley DH. Have dentin adhesives
become too hydrophilic? Journal-Canadian
Dental Association. 2003;69(11):726-32.
Tay F, Hashimoto M, Pashley D, Peters M, Lai
S, Yiu C, et al. Aging affects two modes of
nanoleakage expression in bonded dentin.
Journal of dental research. 2003;82(7):53741.
Lehmann N, Debret R, Romeas A, Magloire
H, Degrange M, Bleicher F, et al. Self-etching
increases
matrix
metalloproteinase
expression in the dentin-pulp complex.
Journal of dental research. 2009;88(1):7782.
Sano H. Microtensile testing, nanoleakage,
and biodegradation of resin-dentin bonds.
Journal of dental research. 2006;85(1):11-4.
Fawzy AS. Variations in collagen fibrils
network structure and surface dehydration
of acid demineralized intertubular dentin:
effect of dentin depth and air-exposure time.
Dental Materials. 2010;26(1):35-43.
Dos Santos PH, Karol S, Bedran-Russo AK.
Long-term nano-mechanical properties of
biomodified
dentin–resin
interface
components. Journal of biomechanics.
2011;44(9):1691-4.
Han B, Jaurequi J, Tang BW, Nimni ME.
Proanthocyanidin: a natural crosslinking
reagent for stabilizing collagen matrices.
Journal of Biomedical Materials Research
Part A. 2003;65(1):118-24.
Sung HW, Chang WH, Ma CY, Lee MH.
Crosslinking of biological tissues using
genipin and/or carbodiimide. Journal of
Biomedical Materials Research Part A.
2003;64(3):427-38.
Green B, Yao X, Ganguly A, Xu C, Dusevich V,
Walker
MP,
et
al.
Grape
seed
proanthocyanidins
increase
collagen
biodegradation
resistance
in
the
dentin/adhesive interface when included in
an adhesive. Journal of Dentistry.
2010;38(11):908-15.
Southern L, Hughes H, Lawford P, Clench M,
Manning N. Glutaraldehyde-induced crosslinks: a study of model compounds and
commercial bioprosthetic valves. The
Journal
of
heart
valve
disease.
2000;9(2):241-8; discussion 8-9.

Journal of Research in Medical and Dental Science | Vol. 5 | Issue 6 | December 2017

69

Navid Mojtahedi et al
J Res Med Dent Sci, 2017, 5 (6):65-70
__________________________________________________________________________________
20. Bedran-Russo AKB, Pashley DH, Agee K,
Drummond JL, Miescke KJ. Changes in
stiffness of demineralized dentin following
application of collagen crosslinkers. Journal
of Biomedical Materials Research Part B:
Applied Biomaterials. 2008;86(2):330-4.
21. La V, Howell A, Grenier D. Cranberry
proanthocyanidins inhibit MMP production
and activity. Journal of dental research.
2009;88(7):627-32.
22. Song SE, Choi BK, Kim SN, Yoo YJ, Kim MM,
Park SK, et al. Inhibitory effect of
procyanidin oligomer from elm cortex on
the
matrix
metalloproteinases
and
proteases of periodontopathogens. Journal
of periodontal research. 2003;38(3):282-9.
23. Srinivasulu S, Vidhya S, Sujatha M,
Mahalaxmi S. Shear Bond Strength of
Composite to Deep Dentin After Treatment
With Two Different Collagen Cross-linking
Agents at Varying Time Intervals. Operative
Dentistry. 2012;37(5):485-91.
24. Epasinghe D, Yiu C, Burrow M, Tay F, King N.
Effect of proanthocyanidin incorporation
into dental adhesive resin on resin–dentine
bond strength. Journal of Dentistry.
2012;40(3):173-80.
25. Castellan CS, Pereira PN, Viana G, Chen S-N,
Pauli GF, Bedran-Russo AK. Solubility study
of phytochemical cross-linking agents on
dentin stiffness. Journal of Dentistry.
2010;38(5):431-6.
26. Castellan CS, Pereira PN, Grande RHM,
Bedran-Russo
AK.
Mechanical
characterization
of
proanthocyanidin–
dentin matrix interaction. Dental Materials.
2010;26(10):968-73.
27. Al-Ammar A, Drummond JL, Bedran-Russo
AK. The use of collagen cross-linking agents
to enhance dentin bond strength. Journal of
Biomedical Materials Research Part B:
Applied Biomaterials. 2009;91(1):419-24.
28. Castellan CS, Bedran-Russo AK, Karol S,
Pereira PNR. Long-term stability of dentin
matrix following treatment with various
natural collagen cross-linkers. Journal of the
mechanical
behavior
of
biomedical
materials. 2011;4(7):1343-50.
29. Bedran-Russo AKB, Pereira PN, Duarte WR,
Drummond JL, Yamauchi M. Application of
crosslinkers to dentin collagen enhances the
ultimate tensile strength. Journal of
Biomedical Materials Research Part B:
Applied Biomaterials. 2007;80(1):268-72.
30. Liu R, Fang M, Xiao Y, Li F, Yu L, Zhao S, et al.
The effect of transient proanthocyanidins
preconditioning on the cross-linking and

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

mechanical properties of demineralized
dentin. Journal of Materials Science:
Materials in Medicine. 2011;22(11):240311.
Savova M, Kolusheva T, Stourza A, Seikova I.
The use of group contribution method for
predicting the solubility of seed polyphenols
of Vitis vinifera L. within a wide polarity
range in solvent mixtures. Journal of the
University of Chemical Technology and
Metallurgy. 2007;42(3):295-300.
Lazarev YA, Grishkovsky BA, Khromova TB,
Lazareva AA, Grechishko VS. Bound water in
the collagen-like triple-helical structure.
Biopolymers. 1992;32(2):189-95.
Lees S. Water content in type I collagen
tissues calculated from the generalized
packing model. International Journal of
Biological Macromolecules. 1986;8(2):6672.
Barton AF. CRC handbook of solubility
parameters and other cohesion parameters:
CRC press; 1991.
Carvalho R, Mendonca J, Santiago S, Silveira
R, Garcia F, Tay F, et al. Effects of
HEMA/solvent combinations on bond
strength to dentin. Journal of dental
research. 2003;82(8):597-601.
Boyde A, Maconnachie E. Morphological
correlations with dimensional change
during SEM specimen preparation. Scanning
electron microscopy. 1981;4:27.
Pashley D, Agee K, Nakajima M, Tay F,
Carvalho R, Harmon F, et al. Solvent-induced
dimensional
changes
in
EDTAdemineralized dentin matrix. Journal of
biomedical
materials
research.
2001;56(2):273-81.
Gwinnett A. Dentin bond strength after air
drying and rewetting. American journal of
dentistry. 1994;7(3):144-8.
Charulatha V, Rajaram A. Influence of
different crosslinking treatments on the
physical properties of collagen membranes.
Biomaterials. 2003;24(5):759-67.
Dos Santos P, Karol S, BEDRAN-RUSSO A.
Nanomechanical
properties
of
biochemically modified dentin bonded
interfaces. Journal of Oral Rehabilitation.
2011;38(7):541-6.
Shi J, Yu J, Pohorly JE, Kakuda Y.
Polyphenolics in grape seeds-biochemistry
and functionality. Journal of medicinal food.
2003;6(4):291-9.

Journal of Research in Medical and Dental Science | Vol. 5 | Issue 6 | December 2017

70

