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ABSTRACT

Statement of the Problem: Although sumac extract (SE) is reported as a collagen cross
linker, the available data regarding its effect on the dentine micro-hardness is quite sparse.
Purpose: Therefore, the aim of this study includes evaluating the effect of different concen-
trations of SE on dentine micro-hardness comparing to grape seed extract (GSE).

Materials and Method: In this experimental study, the GSE was purchased from available
market and convert to 5% solution. Meanwhile the 5, 10, and 20% of SE solutions were
prepared experimentally. The base line micro-hardness of 60 samples (30 premolars divided
to buccal and lingual segments) was recorded triplicate for each specimen and they were
randomly divided into 5 groups (four abovementioned experimental solutions and de-
ionized water as negative control). For 35 consecutive days, each sample was twice pH
cycled and treated by solutions. Ultimately, the final micro-hardness was recorded triplicate
again for each sample and the numerical data was compared with each other using one-way
ANOVA and Tukey HSD Post Hoc tests (a=0.05).

Results: The mean+SD values of micro-hardness for the groups was recorded as 54.45+
13.4, 65.65+18.5, 39.57+2.26, 41.13+1.66 and 43.79+4.96 at base line and 10.4+0.99,
11.85+ 0.75, 10.16+1.84, 8.48+1.16 and 6.31+1.01 at final stage for control, GSE 5%, SE
5%, SE 10% and SE 20% respectively. There was no significant difference among the mi-
cro-hardness of the groups before treatment (p= 0.369). However, after experimental treat-
ment, there was significant difference between the groups (p= 0.024) while in pairwise
comparison just two groups (GSE 5% and SE 20%) had significant difference with each
other (p=0.017).

Conclusion: The efficacy of SE was reversely related to its concentration. Moreover, nei-
ther GSE nor SE had significant effect on dentine micro-hardness after 35 day pH cycling.
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Introduction

hance the intra- and inter-molecular cross-links of colla-

Bio-modification of dentine for improving dentine ad-
hesion has been extensively surveyed and many re-
search have been conducted to reach long survival for
resin-infiltrated dentine over time [1-2].

Collagen cross linkers are now widely used in mod-
ern dentistry due to their beneficial effect on dentine-
adhesive interface [3-4]. In fact, these agents could en-

gen by promoting the hydrogen and/or covalent bonds
[5-8]. These crossover bonds can prevent the long rod-
like helical collagen from passing through each other
under mechanical stress, which lead to more stiffness of
dentine substrate [2, 5-8]. Moreover, some of them
would also inhibit the hazardous endogen enzymes such
as matrix metalloproteinase (MMP) [9-10].
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Several collagen cross linkers are introduced in lit-
eratures among which the synthetic gluteraldehyde is
the most famous one [11-12]. Meanwhile, its applica-
tion has been limited due to its cytotoxicity [1].

However, in recent years, incorporation of natural
products as collagen cross linkers was widely investi-
gated and their positive effect has been frequently repor-
ted [13-16]. Since natural extracts are often economic
and safe, they are very favorable [17-18].

Among these natural gifts, the proanthocyanidin,
which could be derived from different herbs, has been
repeatedly documented as an effective natural collagen
cross linker [19-21]. Grape seed extract (GSE) is one of
the main sources enriched in proanthocyanidin. There-
fore, the GSE has been vastly incorporated as dentine
bio-modifiers for either collagen cross-linking or MMP
inhibition [2, 4, 22-23].

Sumac is another helpful natural product. This plant
grows mostly wild in the Mediterranean to the Middle
East region [4] and it is considered as a quite strong
antioxidant agent [24]. In addition, sumac has been in-
troduced as a rich source of hydrolyzable tannins, a pol-
yphenol compound that has the potency of cross linker
agent [25].

The cross linkage of dentine collagen would en-
hance its mechanical properties [26], which could be
manifested as increasing the micro-hardness. Actually,
since the caries progress would lead to decreasing the
micro hardness of dentine due to softening of collagen
substrate, its enhancement could be beneficial [27]. Ac-
cordingly, some investigators reported that the GSE
could increase the dentine micro hardness and their mi-
croscopic finding has confirmed their results [27-28].

Previous studies incorporated the micro-hardness
test as an indicator for the efficacy of collagen cross-
linkers in dentine [29]. However, the available data
comparing the effect of sumac and grape seed on the
micro-hardness of dentine is quite sparse. Therefore,
the aim of this study includes evaluating the effect of
different concentrations of sumac on dentine micro-
hardness comparing to proanthocyanidin extracted
from the grape seed.

The null hypothesis stated that neither GSE nor su-
mac could increase the micro-harness of de-mineralized
dentine samples and their effect would be similar to
deionized water.
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Materials and Method

Grape Seed Extract (GSE)

An available GSE was purchased (Santa Cruz biotech-
nology, Dallas, TX, USA) and diluted to 5 wt.% solution
by adding ethanol. Therefore the GSE 5% solutions was
the only proanthocyanidin solution that was compared
to different solutions of sumac.

Sumac Extract (SE)

An amount of 500g of sumac was milled and sieved
through 250um holes. The obtained powder was im-
mersed in 2 lit of 80% ethanol and was shaken for 24h
at room temperature. Thereafter, the whole solution was
passed through #42 Whatman paper pouring into a pe-
tri-dish and stored at 45°C in order to evaporate the ex-
tra ethanol. Finally, the remained material was consid-
ered as pure sumac extract (SE) that was mixed again
with ethanol to produce three different solutions as 5, 10
and 20 wt.% SE.

Artificial saliva

For each 500 ml of this artificial saliva, we mixed NaCl
(21.9 g), CaCl, (0.12 g), NaH,PO, (0.13 g), and 5 ml of
NaN; (2%) with de-ionized water (Merck-KGaA,
Darmstadt, Germany). The final pH of 6.5-7 was rec-
orded for our artificial saliva.

Demineralizing solution

For each 500 ml of this solution, we mixed NaCl (21.9
g), CaCl, (0.12g), NaH,PO, (0.13g), 5ml of NaN3 (2%),
and 1.5cc of CH;COOH (Merck-KGaA., Darmstadt,
Germany) with de-ionized water [30-32]. The final pH
of 4-4.5 was recorded for our demineralizing solution.
Tooth preparation

In this study, we selected thirty intact human premolars,
which were extracted for orthodontic reasons from pa-
tients with 18-25 years of age, all whom signed the in-
formed consent. They were thoroughly examined and
any cracked or decayed teeth were withdrawn. The
samples were stored at 4°C in 0.9 %NaCl containing
0.02% NaN; for prevention of any possible microbial
contamination, and were used within six months after
extraction.

Afterward, the teeth were sectioned mesio-distally
by a low speed hand piece (Saeshin Precision Co., LTD.
Daegu, Korea) that lead to duplication of samples to
buccal or lingual segments (n=60). Each sample was
mounted in epoxy resin while its un-ground surface was
exposed. The buccal or lingual tooth surface were polis-
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Figure 1: Mounting of the specimen and grounding the buccal or lingual surface to expose an at least 2x3 mm oval area in dentine: a:

before treatment, b: after treatment

hed using silicon carbide papers (60, 240, 600 and 1000
grit respectively) by a polishing machine (Chennai
Metco Pvt LTD., Chennai, India) and water spray. The
polishing process was continued until the dentine was
exposed (at least an oval 2x3 mm window was exposed
in dentine).

Baseline micro-hardness

The baseline Vickers micro-hardness (Bareiss Prufger-
atebau Inc.Oberdischingen, Germany) was recorded at
least 100 pm distant from the DEJ using a diamond
indenter by 1min/mm cross head speed and 490/03 mN
load for 15 sec.

This process was triplicate for each sample and the av-
erage was recorded as the baseline micro-hardness value
of each specimen.

Experimental treatment

The 60 specimens were randomly divided into 5 groups
including (1) GSE 5%, (2) SE 5%, (3) SE 10%, (4) SE
20%, and (5) Control: de-ionized water served as nega-
tive control [4].

Each sample was immersed for one hour in deminer-
alizing solution, 2 min washed by de-ionized water, 1
min covered by any of the mentioned treatment solu-
tions, washed again by de-ionized water, and finally
dipped in artificial saliva for 11 h. These steps were
repeated in that order every 12 h (twice a day) for 35
consecutive days. An example of the samples before
and after treatment is demonstrated in Figure 1.

Final micro-hardness

The final micro-hardness of each sample was triplicate
recorded just the same as the baseline process while the
average of these three records were considered as the fi-

nal micro-hardness value of each specimen.

Statistical Analysis

The obtained numerical data were analyzed using one-
way ANOVA, and Tukey HSD Post Hoc tests (o=
0.05). It should be emphasized that the normal distribu-
tion was confirmed by Kolmogorov-Smirnov test.

Results

The mean value of baseline and final micro-hardness+
S.D of each group is demonstrated in Figure 2 and the
descriptive statistics are presented in Table 1-2. One-
way ANOVA analysis revealed no statistically signifi-
cant difference between the baseline micro-hardness
among the groups (p= 0.369). However, after treatment,
the final micro-hardness of the experimental groups
showed significant difference with each other (p=
0.024). As can be seen in Figure 2, the most final micro-
hardness was recorded in GSE5% group and the least
for SE20%. Furthermore, the Tukey HSD pairwise
comparison showed that these two mentioned groups
(GSE5% and SE20) had statistically significant differ-
ence with each other (0.017). In contrast, the other
groups were not statistically distinguishable from each
other. The pairwise comparison p Values are represent-
ed in Table 3.

Discussion
Our results showed that GSE had better effect compar-
ing to SE on micro-hardness of dentine exposed to de-
mineralizing solution.

This finding is in accordance with Seseogullari-
Dirihan et al. [4] who reported significant higher inhibi-
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Figure 2: The micro-hardness mean +S.D of different groups before and after treatment (SE: Sumac Extract, GSE: Grape Seed Extract)

tion of total MMP activity for GSE comparing to SE.
They also incorporated their experimental solutions for
various time intervals and they argued that the best time
for MMP inhibition was 1min [4], which is similar to
our treatment time.

The MMP is existed in dentine substrate and would
be activate during incorporation of acid etching that lead
to failure of hybride layer in long term [33]. The effect
of synthetic agents such as chlorhexidine for inhibiting
these endogenous enzymes has been reported [33] that
lead to enhancement of the bond durability [1, 33].
However, some natural products such as GSE have been
also proved to hinder the MMP that was quite beneficial
for bond durability [34].

Similar to our results, regarding superior efficacy of
GSE compared to SE, Seseogullari-Dirihan et al. [2]
reported that the inhibitory effect of GSE against MMP
was maintained even after 6-month incubation but the
SE could not maintain its efficacy for that long period.
The different concentrations of our solutions were in
accordance to a previous study [4] while we examined

Table 1: Descriptive statistics of the groups, before treatment

three different concentrations for sumac. However, in
both of the abovementioned studies [2, 4], just one con-
centration of SE was examined. One of our interesting
finding included that the beneficial efficacy of SE was
reverse to its concentration. As it is demonstrated in
Table 1, the GSE 5% group had no significant differ-
ence with neither of SE 5% nor SE 10% while it was
significantly higher than SE 20%. The reverse effect of
SE concentration on micro-hardness could be attributed
to the pH of this solution, because the SE contains some
acidic ingredients including malic, citric, gallic and
ascorbic acids, that lead to low pH [35].

Nevertheless, an un-favorable result in our experim-
ent included that there was no statistical significant dif-
ference between the negative control and neither of the
treated groups. Although it could make doubt about the
efficacy of both the GSE and SE, it is roughly in agree
ment with Epasinghe et al. [29]. Accordingly, they
evaluated the micro-hardness of root surface and they
found no statistical difference between the proanthocya-
nidin group and the negative control at 70-150 um depth

959% confidence interval for mean

Mean Standard Error Minimum Maximum
Lower Bound Upper Bound
Control 54.4528 13.40414 24.9505 83.9551 17.43 184.33
GSE" 5% 65.6528 18.50921 249143 106.3913 23.03 262.33
SE™ 5% 39.5778 2.26495 34.5927 44,5629 28.97 51.27
SE 10% 41.1333 1.66560 37.4674 44,7993 33.60 48.67
SE 20% 43.7917 4.94284 32.9126 54.6708 19.13 80.50

“GSE: Grape seed extract
" SE: Sumac extract
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Table 2: Descriptive statistics of the groups, after treatment

95% confidence interval for mean

Mean Standard Error

Minimum Maximum

Lower Bound Upper Bound
Control 10.4000 0.99654 8.2066 12.5934 2.17 14.77
GSE " 5% 118556 0.75515 10.1935 13.5176 7.30 16.43
SE ™ 5% 10.1611 1.84337 6.1039 14.2183 2.07 26.60
SE 10% 8.4806 1.16081 5.9256 11.0355 1.83 13.97
SE 20% 6.3167 1.01734 4.0775 8.5558 1.97 11.43

" GSE: Grape seed extract
" SE: Sumac extract

Table 3: The p value related to pairwise comparison of groups
after treatment by experimental agents (SE: Sumac Extract,
GSE: Grape Seed Extract)

Control GSE 5% SE 5% SE 10% SE 20%

Control 0.914 1.00 0.795 0.136
GSE 5% 0.859 0.295 0.017
SE 5% 0.863 0.180
SE 10% 0.715

“GSE: Grape seed extract
™ SE: Sumac extract

[29]. On the other hand, it is in contrast with many oth-

er researches that investigated the inhibitory effect of
proanthocyanidin and SE on MMP and argued the con-
siderable beneficial effect of these two agents against
MMP [2, 4]. However, the study of Epasinghe et al.
[29] was more similar to ours because they also meas-
ured the micro-hardness.

In addition, we incorporate such longer pH cycling
(35 days) comparing to other researchers (an average of
7-8 days) [36-37]. Therefore, this un-significant differ-
ence among control and treatment groups could be re-
lated to the long pH cycling time. For better decision,
future studies with broader pH cycling time are strongly
suggested to discuss about a threshold time interval for
proanthocyanidin and SE efficacy on dentine. Since in
theoretical aspects, both of these agents could bond to
collagen, the optimal time threshold should be deter-
mined in future investigations.

Actually, about the detailed mechanism of action,
both the GSE and the SE contains polyphenols [25].
Natural polyphenols could stabilize collagen polypep-
tides via the formation of multiple hydrogen bonds in-
tra- or inter- long chains [25]. It has been documented
that natural polyphenols are compounds of vegetable
tannins and are present in fruits, nuts, vegetables, seeds,
leaves, and flowers, such as grape seed, sumac berries,
or curcumin [25]. Hence, either of these products could
be considered in future studies.

Although our investigation did not detect any signif-

icant beneficial effect for GSE and SE on the dentine
micro-hardness, further studies are strongly suggested.
Since one of the most important limitations of this study
was lack of incorporating more concentration range of
SE and GSE solutions, maybe expanding this concentra-
tion range may yield better results. Moreover, before
clinical decision, definitely, the animal studies and clin-
ical trials are required.

Conclusion

Under the limitations of this study, the efficacy of SE
was reversely related to its concentration. Moreover,
neither GSE nor SE has shown significant effect on
dentine micro-hardness after 35 day pH cycling.
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