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Introduction

Abstract

Background and Aim: This study aimed to assess the efficacy of
Pistacia lentiscus (P. lentiscus) extract for dentin remineralization.
Materials and Methods: This in vitro experimental study evaluated
45 extracted sound human premolars; pH cycling was performed
to assess the effect of 10% P. lentiscus extract on dentin
remineralization. The samples were randomly assigned to three
groups of 1000 ppm sodium fluoride (NaF) solution, 10% P. lentiscus
extract, and deionized water. To induce dentinal lesions, the teeth
were immersed in a demineralizing solution at 37°C for 96 hours.
The demineralized samples were then subjected to pH cycling for 14
days, and then underwent the Vickers microhardness test and
scanning electron microscopic (SEM) assessment. Data were
analyzed by repeated-measures ANOVA.

Results: The mean microhardness in the NaF group was
significantly higher than that in the extract and control groups after
14 days (P<0.05). SEM assessment after demineralization indicated
tubular obstruction in the extract and NaF groups. However, after 14
days, the sealing of dentinal tubules in the extract group was greater
than that in the NaF group.

Conclusion: P. lentiscus extract can serve as a suitable organic
compound for dentinal tubule occlusion as well as non-invasive and
conservative treatment of dentin hypersensitivity (DH).
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on dentin and exposure of dentinal tubules into

Dentin hypersensitivity (DH) is a common
clinical complaint, affecting 4% to 74% of the
population [1-5]. It refers to the generation of
short sharp pain in exposed dentin due to
chemical, thermal, and osmotic stimuli [6]. This
pain cannot be attributed to any other
pathology [7, 8]. DH can lead to physical and
psychological problems and affect the quality
of life and the oral hygiene practice of patients
[9]. Absence of enamel or cementum coverage

the oral cavity are the main reasons for DH
[10]. Scanning electron microscopic (SEM)
assessments have indicated that the number of
exposed dentinal tubules in teeth with DH is 8
times higher than that in normal teeth [11-13].
Root surface denuding following gingival
recession due to aging, chronic periodontitis,
periodontal surgery, incorrect tooth brushing
technique,
rootplaning, and pocket removal surgery leads

occlusal trauma, scaling and
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to cementum exposure [14].

According to the Brannstrom’s theory, the
movement of dentinal fluid in dentinal tubules
leads to stimulation of baroreceptors and pain
generation [15]. In general, the mechanism of
action of desensitizing agents is based on the
reduction of dentinal fluid flow or decreasing
the activity of nerve ends in dentin by
interfering with their electrical conduction
[16]. In the decades,
desensitizing agents have been proposed for
treatment of DH such as fluoride, arginine, and
citrate buffers [17].

The main mechanism of action of fluoride is
through the prevention or reduction of fluid
movement in tubules by the
deposition of and phosphorous
compounds such as calcium fluoride and
fluorapatite.  Preliminary  studies  have
demonstrated optimal desensitizing efficacy of
fluoride products. The Canadian Advisory
Board on Dentin Hypersensitivity in 2003
suggested the use of fluoridated toothpastes as
the first-line non-invasive treatment for DH.
Also, the efficacy of NaF as a fluoride
compound for this purpose
extensively studied [18].

The application of medicinal herbs for
medical purposes has a long history. Use of
Pistacia lentiscus (P. lentiscus) for treatment of
gastrointestinal diseases in the Middle Eastern
countries dates back to 3000 years ago [16]. P.
lentiscus has selective antibacterial properties
against  Porphyromonas  gingivalis  and
Prevotella melaninogenica. It also exerts
anti-plaque effects by inhibiting the
proliferation of salivary bacteria. In the Iranian
traditional medicine, P. lentiscus is used for

recent several

dentinal
calcium

has been

enhancement of wound healing, treatment of
gastrointestinal conditions, and for gingival
health [15] Mastic gum is the resin released
from the stem and leaves of P. lentiscus,
which has therapeutic effects for treatment
of gastrointestinal problems
stomachache, indigestion, and gastrointestinal
inflammation [19-21]. Evidence shows that

such as

chewing of inhibits  the
proliferation of salivary bacteria and formation
of microbial plaque on tooth surfaces [22]. Use
of mastic gum for 3 weeks decreases the
Streptococcus mutans count of the saliva and
may help in caries prevention [23]. It has been
demonstrated that mastic gum can enhance the
remineralization  of lesions;
enhancement of remineralization appears to be
related to increased saliva flow and pH due to
mastication [1,24]. Different species of Pistacia
have different chemical constituents such as
phenol groups and gallic acid [25-27]. Gallic
acid is a natural phenol compound found in
many herbs and foods with anti-oxidant,
anti-mutagenic, and anti-cariogenic properties.
Gallic acid can also increase enamel
remineralization and prevent demineralization
[28]. A complex of metal ions and gallic acid
can enhance the
hydroxyapatite, which is the main mechanism
of cross-linking and formation
hydroxyapatite cores on the surface of dentinal
[29]. Calcium, potassium, and
magnesium are the most abundant minerals in
the leaves and fruits of P. lentiscus [30].
Considering the presence of phenol groups
(gallic acid), minerals, and metal ions in P.
lentiscus extract, this study aimed to assess the
efficacy of P. lentiscus extract for dentin
remineralization and sealing of dentinal
tubules. The null hypothesis was that the
effects of 10% P. lentiscus extract and 1000
PPM sodium fluoride (NaF) solution on the
hardness of dentin would be the same.

mastic gum

caries-like

remineralization of
of new

tubules

Materials and Methods

Preparation of 10% alcoholic extract of P.
lentiscus:

For this purpose, 10 g of dried solid mastic
gum was weighed by a digital scale (Sartorius,
type TE 124 S, Gottingen, Germany) and
ground in a mortar and pestle. The obtained
powder was dissolved in 10 cc of pure acetone
and well stirred for 30 minutes for complete
dissolution. Next, 95% alcohol was added to
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reach a total volume of 100 cc. The obtained
solution was stirred for 30 minutes to obtain a
homogenous solution; the pH was adjusted to
6-6.5 by a pH meter (Sartorius, PB 11,
Gottingen, Germany).

Preparation of 1000 ppm NaF solution:

For this purpose, 1 g of NaF salt was
weighed by a digital scale (Sartorius, type TE
124 S, Gottingen, Germany) and added to 1 L of
deionized water and stirred for complete
dissolution.

The demineralizing solution had a pH of 4
to 4.5 with the following formulation: NaCl (2.9
g), CaCl2 (0.12 g), NaH2PO4 (0.13 g), NaN3
(5 cc), and acetic acid (1.5 cc).

The remineralizing solution (artificial
saliva) had a pH of 6.5 to 7 with the following
formulation: NaCl (2.9 g), CaCl2 (0.12 g),
NaH2P04 (0.13 g), and NaN3 (5 cc) [31].

Sample preparation:

The sample size was found to be 15 per
group using the multiple comparisons feature
of PASS software considering alpha=0.05,
beta=0.1, standard deviation of 6, and mean
difference of 13 among the three groups.
A total of 45 sound premolars extracted
for orthodontic treatment (ethical code:
IR.SBMU.RIDS.REC.1395.364) were collected
and randomly divided into three groups of NaF,
P. lentiscus extract, and deionized water by
simple method. Cracked,
restored, carious or worn teeth were excluded.
The teeth were immersed in 10% formalin for
24 hours. Next, they were stored in deionized
water until the experiment. The tooth crowns
were first cut at 2 mm below the
cementoenamel junction and
mesiodistally into the buccal and lingual halves
by a high-speed handpiece and a cylindrical
diamond bur (008, Teeskavan, Hashtgerd,
Alborz Province, Iran) under the water coolant.
To access cervical dentin, the enamel surface of
the buccal and lingual halves was sectioned
parallel to the direction of the first section. The
obtained specimens were polished with 400 to

randomization

then cut

1000-grit abrasive papers (silicon carbide,
Starcke, Matador, Wasserfest, Germany). The
buccal surface of dentin specimens was coated
with one layer of nail varnish (Inlay Red Velvet
Nail varnish, code 012, Iran) except for a
window measuring 4 x 4 mm. The dentin
specimens were then randomly assigned to
three groups of 15. Next, they underwent the
microhardness test by a Vickers hardness
tester (Zwick Roell, Ulm, Germany) at three
points under 200 N load for 10 seconds. To
induce dentin lesions, the specimens were
placed in a demineralizing solution at 37°C
for 96 hours and then underwent the
microhardness test again.

Conduction of pH cycling:

The specimens in 1000 ppm NaF, 10%
alcoholic extract, and deionized water
(negative control) groups underwent pH
cycling for a total duration of 14 days.
Accordingly, the specimens were placed in a
demineralizing solution for 4 hours and were
then
(remineralizing solution) for 20 hours. In the
process of transfer between the demineralizing
and remineralizing solutions, the specimens
were treated with 1000 ppm NaF in the first
group, 10% P. lentiscus in the second group,
and deionized water in the third group twice
each time for 2 minutes and were then rinsed
with deionized water for 15 seconds. After the
pH cycling, the microhardness was measured
for the second time. The specimens were
incubated at 37°C during the process [32].

SEM analysis:

The  specimens dried and
sputter-coated with gold/palladium. Two
specimens from each group underwent SEM
analysis (FE-SEM TESCAN MIRA3, Czech
Republic) after demineralization and after 14
days of treatment with the solutions. SEM
micrographs were obtained from the surface
of each specimen at x2000 magnification, and
the diameter of dentinal tubules was measured.

Statistical analysis:

transferred to artificial saliva

were
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Data were analyzed by repeated-measures
ANOVA.

Results

Table 1 indicates the mean microhardness
before and  after
14 days of
remineralization. Repeated-measures ANOVA
showed no  significant
microhardness of the groups before and after
demineralization (P>0.05). However, after 14
days, the microhardness of the NaF group was
significantly higher than that of the extract
(P<0.001) and deionized water (P<0.001)
groups, and the microhardness of the extract
group was significantly higher than that of the
deionized water group (P=0.004).

values measured

demineralization and after

difference in

Table 1. The mean and standard deviation of microhardness in the study groups before the test, after demineralization,

and after 14 days

Table 2 shows the mean difference and P
values for the comparison of microhardness
among the three groups at different time
points. Repeated measures ANOVA showed the
effect
measurement and type of
microhardness (P<0.001).

SEM  assessment of
morphology of the two randomly selected
specimens from each group indicated equal
obstruction  of

significant interaction of time of

solution on

dentin  surface

dentinal  tubules after
demineralization in 10% extract and 1000 ppm
NaF groups. After 14 days, the seal of dentinal
tubules in 10% extract group was higher than
that in 1000 ppm NaF group. Also, the smear
layer formed on dentin was more homogenous

in the extract group (Figures 1 and 2).

Mean and std. deviation
of microhardness at
baseline

Groups

Mean and std. deviation of
microhardness after

Mean and std. deviation of
microhardness at 14 days
demineralization

Deionized water

. 67.799+ 1.796
(negative control)

NaF 71.037+1.796
P. lentiscus extract 66.419+ 1.796

15.463+0.716 5.369+ 1.169

16.418+ 0.716
17.347+0.716

18.094+ 1.169
11.018+ 1.169

Table 2. Comparison of the microhardness of the three groups at different time points

Time Group Mean Difference P value
Extract/NaF -4.617 0.229
Baseline Extract/control -1.379 1
NaF/control 3.238 0.628
Extract/NaF 0.929 1
After demineralization Extract/control 1.885 0.210
NaF/control 0.955 1
Extract/NaF -7.076 <0.001
After 14 days Extract/control 5.649 0.004
NaF/control 12.725 <0.001
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Figure 1. SEM micrographs of the selected samples of
1000 ppm NaF group after demineralization (A, B)
and after 14 days (C, D) at x2000 magnification

Figure 2. SEM micrographs of the selected samples of

10% P. lentiscus extract group after demineralization
(A, B) and after 14 days (C, D) at x2000 magnification

Discussion

This study evaluated the microhardness
and obstruction of dentinal tubules after the
use of 10% P. lentiscus extract and 1000
ppm NaF.

Calcium, potassium, and magnesium are
the most abundant minerals in the leaves
and fruits of P. lentiscus [33]. A complex of
metal ions and gallic acid in P. lentiscus can
enhance the
hydroxyapatite,

remineralization of

which is the main

mechanism of cross-linking and formation
of new hydroxyapatite cores on the surface
of dentinal tubules [29]. In the present
study, remineralization of demineralized
dentin might have occurred through the
continuous uptake of calcium, phosphate,
and fluoride ions from the oral fluids by the
demineralized tissue or by the provision of
these ions by an external source such as the
P. lentiscus extract [29,34].

According to the Vickers test results,
after 14 days, the microhardness of the NaF
group was significantly higher than that of
the extract group, and the value in the
extract group was significantly higher than
that in the deionized water (control) group.
Higher microhardness of the NaF group has
been reported in other studies as well
[35,36]. Xie et al. evaluated the effect of
grape seed extract and 1000 ppm NaF on
root dentin, and reported higher
microhardness of the fluoride group than
the control group at all depths of dentin,
from 20 to 200 um with no significant
difference with the grape seed extract
group. The effect of 1000 ppm NaF on
dentin remineralization depends on the
formation of calcium, phosphorous, and
fluorapatite crystals in dentinal tubules
[37]. Tang et al. evaluated the
remineralization potential of grape seed
extract enriched with proanthocyanidin for
the demineralized dentin. After 14 days of
remineralization, they found no significant
difference in microhardness between 1000
ppm NaF and 15% grape seed extract
groups. The Grape seed extract has high
amounts of polyphenols such as
hydroxyphenyl, which may react with the
calcium ions present in the remineralizing
solution, and lead to the growth of
demineralized dentin crystals [36]. It
appears that the effect of P. lentiscus extract
on dentin remineralization agrees with the
suggested theory regarding the effect of
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grape seed extract containing polyphenols.
A complex of metal ions and gallic acid
can enhance the remineralization of
hydroxyapatite, which is the
mechanism of cross-linking and formation
of new hydroxyapatite cores on the surface
of dentinal tubules [29]. Further studies are
required to use different concentrations of
with  different
on dentin to more

main

P.  lentiscus  extract
application times
precisely assess the efficacy of this extract.

SEM
morphology by Ellingsen et al. in 1987
revealed the formation of a thick layer of
globular NaF covering the dentinal tubules
and uniform sealing of dentinal tubules by
the NaF varnish [38]. In the present study,
the extract obstructed the dentinal tubules
more efficiently after 14 days compared
with NaF. SEM assessment by Kunam et al.
indicated that 2% NaF narrowed the lumen
of dentinal tubules; however,
unsuccessful in their complete obstruction.
NaF reacts with the calcium in dentin and
forms calcium fluoride crystals, which
penetrate into dentinal tubules. Since these
crystals have a small size, they cannot
effectively obstruct the dentinal tubules
[39]. Raafat et al. evaluated the efficacy of
fluoride, ozone, and oxalate compounds for
sealing of dentinal tubules. They reported
that fluoride could not successfully seal the
tubules;
when combined with ozone [40]. The main
mechanism of action of NaF in the sealing of
dentinal tubules has not yet been clearly
understood. However, it appears that the
calcium ions released from dentin due to the

assessment of dentin surface

it was

however, its efficacy improved

effect of acidic compounds are present in
the dentinal fluid, and react with NaF and
form crystals, which
deposit in tubules [41,42].
Moreover, it appears that calcium fluoride
crystals do not adhere to dentinal tubules
and due to their small size, they cannot
tolerate environmental stress and degrade

calcium fluoride
dentinal

over time [41]. Thus, multiple applications
of fluoride are recommended to enhance the
seal of dentinal tubules [43]. Considering
the significance of using medicinal herbs
with fewer side effects than synthetic
chemical agents, and supporting the
pharmaceutical products, it
appears that P. lentiscus can serve as a
suitable material for treatment of DH, and
can overcome the problems related to
incomplete sealing of dentinal tubules by
the action of fluoride.

national

Conclusion

Based on the results obtained in the present
study, the effect of NaF (1000 ppm) was
greater than P. lentiscus extract (10%) in the
microhardness test after 14 days, but on the
other hand, SEM analysis showed that the
obstruction of dentinal tubules by the extract
was more than that by the NaF.

Considering the economic conditions of Iran
and attention to self-sufficiency in production
of products with appropriate effectiveness, as
well as attention to traditional and herbal
medicine, the present study showed that P.
lentiscus extract can be a suitable substance for
treatment of DH.
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