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ABSTRACT

Background: Chitosan and Calcium can be regarded as the natural polymeric materials
obtained from the exoskeleton of Xylotrupes gideon through demineralization,
deproteinization and deacetylation processes. Nano chitosan and calcium can inhibit the
demineralization process, which is caused by the consumption of acetic acid. This study
aims at determining the effect of nano chitosan pretreatment and nano calcium X. gideon on
the application of acetic acid toward tooth enamel hardness.

Methods: The study used 36 upper teeth premolars divided into 4 groups; the first group
was artificial saliva control, the second group was acetic acid application without
pretreatment with nano chitosan and nano calcium, the third group was given pretreatment
with nano chitosan and the fourth group was given pretreatment with nano chitosan and
nano calcium (5:1).

Results: The results showed that there were significant differences in all groups both
without or with nano chitosan pretreatment and combination nano chitosan and nano
calcium X. gideon on the application of acetic acid to hardness of tooth enamel (p <0.05).
Conclusions: Research using combination of nano chitosan and nano calcium proved to be
more effective in inhibiting the demineralization process by increasing the hardness of
tooth enamel as compared to other groups.
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Introduction

The oral cavity is maintained in a healthy and balanced condition with a homeostatic
mechanism, which regulates physiological conditions, such as pH, temperature, salivary
flow, viscosity, microflora etc. (Ghosh et al, 2016). Any interference with this mechanism
can cause pathological conditions, which can cause various diseases affecting the soft and
hard tissues in the mouth, such as teeth (Guiglia et al., 2010).
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Tooth consists of hard tissue in the form of enamel, dentine, and cementum. Enamel is the
outermost tooth tissue that covers the anatomical crown of the tooth and in each area has a
different thickness (Goldberg et al, 2012). Decrease enamel hardness can occur due to the
contained mineral elements which have partial or overall solubility as a result of acid. This
occurs due to the permeable nature of tooth enamel against molecules and ions
(Wongkhanteea et al.,, 2005). Acid concentration, presence of calcium and phosphate ions,
degree of acidity (pH), and dissolution time are factors that affect the speed of dissolution of
enamel (Sosa-Puente et al, 2014).

Demineralization of teeth is the process of losing some or all of the mineral ions in teeth
(enamel), one of which is caused by acid (Abou Neel et al., 2016). The mechanism of tooth
enamel solubility by acid through the consumption of food or drinks will be fermented by
microorganisms which consequently increases the degree of acidity in the oral cavity
(Mesquita-Guimaraes et al., 2015). The oral cavity tends to be acid due to acid production
by cariogenic oral bacteria from food residues, dietary acids, fruit, carbonated drinks,
endogenous acids (Ehlen et al, 2008). When demineralized, dissolution of the inorganic
component occurs. Demineralization can reduce dental hardness through the formation of
porosity on the surface of enamel (Budak et al, 2014).

Acetic acid or so-called vinegar in daily life is widely used by the public. The use of vinegar,
especially in Indonesia, is often consumed in the form of food in various regions, pickles,
meatballs with the addition of kitchen vinegar, and some fruits that have a taste of vinegar
and fresh tamarind. One of vinegars that is also used by the community is apple vinegar
which is widely produced all over the world and possesses a concentration of acetic acid as
much as 4-8%. Some of the benefits of vinegar include: being used as anti-microbial,
reduction of the cancer risk, brain health, weight loss, improving heart health, increasing
blood sugar and insulin levels in type II diabetics (Ghosh et al, 2016). Foods that contain
vinegar if consumed constantly can damage tooth enamel. Tooth enamel damage can reduce
dental hardness due to continuous tooth demineralization. Reduction in calcium and
phosphate ratios withloss of organic components from enamel tooth surfaces can cause
tooth sensitivity (Klaric et al, 2015).

In order to be able to maintain the hardness of tooth enamel, natural ingredients are used
as an alternative to prevent the decline in tooth enamel hardness caused by
demineralization processes, such as the use of chitosan and calcium (Visveswaraiah et al,
2014; Raharjo et al, 2015). Chitosan and calcium can be found in horn beetles (Xylotrupes
gideon) which are known to harm humans. The detrimental properties of horn beetles can
be utilized as economic value materials for humans, by processing them into chitosan and
calcium (Komariah et al,, 2017).

Chitosan is a linear polysaccharide, composed of f3-(1-4) -linked D-glucosamine and N-
acetyl-D-glucosamine. Chitosan has beneficial properties such as, biocompatible,
biodegradable, non-toxic, selective permeable, and very bioactive (Komariah et al, 2017).
Physical modification of chitosan and calcium can increase the activity of these materials, so
that it can be applied to various fields, especially its use as a medicinal ingredient in the
field of dentistry (Komariah et al, 2017).

By looking at the existing problems, it is necessary to conduct research on the benefits of
nano chitosan and nano calcium in preventing tooth enamel demineralization due to
consumption of acetic acid, so as to increase the hardness of tooth enamel. The purpose of
this study was to determine the effect of nano chitosan pretreatment, as well as the
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combination of nano chitosan and nano calcium X. gideon in inhibiting the demineralization
of enamel before exposure to acetic acid.

Materials and methods

The used X. gideon came from the Cangkurawok, Damaga, Balumbang Jaya, Bogor, West
Java. X. gideon underwent demineralization (HCl 3N, Merck), deproteinization (NaOH 3N,
Merck), decalorization (H202, Merck) and deacetylation (50% NaOH, Merck). The studied
dental sample was the first jaw premolar teeth on orthodontic treatment from extraction
patients aged 14-18 years, with caries-free dental conditions, no fracture and cracking, 1/3
insisal flat teeth, and intact dental crowns.

Nano material

Nano calcium is obtained by precipitation method from the results of demineralization X.
gideon (Figure 1), while nano chitosan is obtained by chitosan ionic gelation method into
smaller particles. Nano chitosan and calcium are dried by spray dry. Nano chitosan and
nano calcium powder is made into concentrations of 4000 ppm, 6000 ppm, and 8000 ppm,
while a combination of nano chitosan and nano calcium was made with a ratio of 5:1.

Figure 1. Xylotrupes gideon

Premolar teeth pretreatment

Samples of premolar teeth are cleansed using a toothbrush. Prior to pretreatment, samples
were tested for dental hardness with Vickers Hardness Tester Leco m-400-h1 series, then
the samples were grouped into four groups. The control group was only soaked with
artificial saliva. The acetic acid group was immersed with artificial saliva for 6 hours, then,
underwent demineralization simulation by 4% acetic acid application for 15 minutes. The
nano chitosan group was pretreated with nano chitosan solution with concentration of
4000 ppm, 6000 ppm and 8000 ppm for 15 minutes, after that they were immersed in
artificial saliva solution for 6 hours, followed by an application of 4% acetic acid for 15
minutes. Group of nano chitosan and nano calcium was pretreated with a mixture of nano
chitosan and nano calcium solutions with concentrations of 4000 ppm, 6000 ppm, and 8000
ppm (5:1) for 15 minutes, after which it was immersed in an artificial saliva solution for 6
hours, followed by demineralization simulation using 4% acetic acid for 15 minutes. The
treatments in groups were carried out once a day for 7 days. Before measuring dental
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hardness, samples were stored in artificial saliva at room temperature. The experiment was
conducted according to the Human Ethics issued by the Faculty of Dentistry, University of
Trisakti (Number: 121/S1/KEPK/FKG/2018).

Measure of tooth enamel hardness

All the samples that were tested for dental hardness were also mounted using a resin and
catalyst solution (100 mL: 1 mL) and, then, let sit until they hardened. Vickers Hardness test
(Leco seri m-400-h1, USA) was carried out on one indent part of the middle of the buccal
surface of the tooth enamel. The form of the produced indentation was observed through a
microscope lens with 400X magnification so that the rhombus shape would appear.

Statistic analysis

The obtained data from the results of the study were analyzed using SPSS 23.0 for
Windows. If normal data distribution is carried out by One-way Anova test, a significant
(meaningful) result is obtained, then Bonferroni Post-hoc analysis is performed. Test
results, before and after treatment, were carried out using the T-Test.

Results and discussion

One-way ANOVA test results showed significant differences (p<0.05) in all treatment
groups. Artificial salivary control group as a negative control with mean tooth enamel
hardness of 19.54+1.86 HVN, acetic acid group as a positive control with mean enamel
hardness of 8.20+£1.35 HVN, group given nano chitosan pretreatment with mean enamel
hardness of 32.31+11.53 HVN, and the group given a pretreatment combination of nano
chitosan and nano calcium with a mean value of tooth enamel hardness of 46.24+12.73
HVN have been illustrated in Figure 2.
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Figure 2. Hardness of tooth enamel in the treatment group

A decreasing hardness of enamel in the group given acetic acid has been compared to the
saliva group. This suggested that there was a decreasing of hardness in acetic acid group as
compared to control. In this sense, the group given pretreatment with nano chitosan
showed no significant differences (p>0.05) as compared to the mixture of nano chitosan
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and nano calcium pretreatment. On the contrary, the pretreatment with a mixture of nano
chitosan and nano calcium showed a higher average mean value of 43.11% as compared to
nano chitosan without the addition of nano calcium (Table 1).

Table 1. Before and after for all treatment group

Group Before After P
(Mean+Sd)
Control 390.83£31.70 410.37+£31.99
Acetic acid 408.71+31.99 416.91+31.56 0.00
Nano Chitosan 441.39+48.42 473.69+51.69 0

Nano Chitosan Calcium 429.02+48.84 475.26+55.33

The average results of differences of dental hardness in groups given nano chitosan
concentrations of 4000, 6000, and 8000 ppm before being given acetic acid showed
significant differences (p<0.05). The results of hardness enamel of dental pretreatment
with nano chitosan 4000 ppm were not significantly different (p>0.05) as compared to the
saliva artifisial group, but the value of dental hardness was higher than the group given
acetic acid without pretreatment with nano chitosan (p<0.05). Whereas dental hardness in
the pretreatment group with nano chitosan 6000 ppm and 8000 ppm was significantly
different with p value <0.05, pretreatment of nano chitosan 8000 ppm was able to increase
the value of dental hardness by 52.29% as compared to pretreatment with nano chitosan

6000ppm (Figure 3).
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Figure 3. Enamel hardness in nano chitosan pretreatment

The results of the t-test before and after the control group given artificial saliva showed an
increase of 4.99%. In the group of teeth given acetic acid without nano chitosan
pretreatment, there was an increase up to 2.00% which was lower than the control
(p<0.05). Meanwhile, the group pretreated with nano chitosan 4000, 6000 and 8000 ppm
showed an increasing value after pretreatment as compared to the previous treatment with
a value of p<0.05. The increased enamel hardness in this group can be stated as 4.92%,
6.98%, and 9.88% respectively. In this regard, it showed that the higher the concentration
of nano chitosan used at pretreatment the higher the ability is to inhibit the
demineralization by increasing the hardness of enamel in the pretreatment group given
nano chitosan (Table 2).
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Table 2. Before and after nano chitosan pretreatment

Group Before After P
(MeanzSd)
Control 390.83+31.70 410.37£31.99
Acetic acid 408.71+31.99 416.91+31.56 0.000
Nano Chitosan 4000 434,49 £ 19,76 455,90+ 19,84
Nano Chitosan 6000 428,45 + 35,81 458,39 + 35,22

Nano Chitosan 8000 461,22+ 72,10 506,80 + 35,22

The ANOVA test from the results of a mixture of nano chitosan and nano calcium at
concentrations of 4000, 6000 and 8000 ppm showed artificial saliva control group with an
average value of 19.54+1.86 HVN, acetic acid group as a positive control with the mean
value of enamel hardness of 8.20+1.35 HVN. Whereas in the pretreatment group with a
mixture of nano chitosan and nano calcium 4000, 6000, and 8000 ppm increased the
hardness with p value <0.05 of with mean result 37.67+9.70, 43.38+10.45, and 57.68+9.17
HVN respectively (Figure 4).
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Figure 4. Hardness of tooth enamel in nano chitosan calcium pretreatment

The combination of nano chitosan and nano calcium at concentrations of 4000, 6000 and
8000 ppm was significantly different with p value <0.05 as compared to the control group.
A combination of nano chitosan and nano calcium at the concentrations of 4000 ppm and
6000 ppm was not significantly different (p>0.05), but had a lower enamel hardness value
as compared to the concentration of 8000 ppm.

Table 3. Before and after treatment nano chitosan calcium

Group Before After P
(Mean£Sd)
Control 390.83+31.70 410.37+£31.99
Acetic acid 408.71+31.99 416.91+31.56 0.000
Nano CC 4000 415.32+22.63 452.989+23.12
Nano CC 6000 410.52+27.41 453.900£30.41
Nano CC 8000 461.21+68.77 518.889+72.66
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Discussion

In the presented study, the use of acetic acid has been analyzed by looking at the lifestyle of
people who use acetic acid for consumption. The form of acetic acid commonly used in
foods such as vinegar from fruits, rice vinegar, and kitchen vinegar has a composition of
acetic acid of 15%-29% (Cortesia et al, 2014).

Chitosan has a long-term effect after administration, this gives its own advantages to
chitosan in preventing demineralization. Nano-complex chitosan calcium can remineralize
enamel surfaces at a significantly higher level than fluoride administration (Abou Neel et al,
2016). Chitosan can act as a mechanical barrier to acid penetration in enamel and inhibit
the demineralization process through inhibition of mineral element release,(Arnaud et al,
2010) this is due to the fact that chitosan has an organic component that can inhibit the rate
of breakdown by acid in hydroxyapatite (Lee et al, 2012). Chitosan organic compounds are
free amine groups (NH2) which are able to reduce acid and increase pH, because chitosan is
very reactive to acids (Changa et al, 2012). Cross-linking that occurs between chitosan and
saliva by physical adsorption of chitosan to saliva and cross-linking that occurs between
chitosan and tooth enamel allows chitosan to prevent acid erosion on the surface of
hydroxyapatite (Visveswaraiah and Prasad, 2016).

Generally, in the no pretreatment group, artificial salivary and acetic acid control group, as
well as nano chitosan pretreatment group and combination of nano chitosan and nano
calcium showed significant differences, but in the mixture group of nano chitosan and nano
calcium we witnessed a higher effect on enamel hardness as compared to other groups. The
results of this study are supported by previous studies which stated that enamel surface
hardness with application of chitosan had higher enamel hardness in Vickers Hardness test
(Visveswaraiah et al, 2014) whereas with the addition of nano calcium we witnessed an
increased dental hardness as compared to the absence nano calcium. This shows that the
nano particles with small particle size are able to fill the enamel pores that are
demineralized so as to increase the hardness and strength of the teeth (Priyadarsini et al,
2017).

In the artificial saliva and acetic acid control group, dental hardness is increased, but not as
high as those in the presence of nano chitosan and calcium pretreatment. This is because of
the fact that saliva itself can affect the remineralization of enamel (Hegde and Sajnani,
2017). This is proven by the value of dental hardness in the group given acetic acid which
was also increased, but not as high as the saliva group.

Conclusion

Pretreatment of nano chitosan and nano calcium can prevent demineralization of tooth
enamel, so as to increase dental hardness after application or administration of acetic acid.
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