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IMPACT OF CINNAMON AND CLOVES EXTRACTS INCORPORATED
IN FLUORIDE VARNISH CONTAINING CPP-ACP ON
MICROHARDNESS AND COLOR OF ENAMEL
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ABSTRACT

Objective: The current study aimed to evaluate the effects of methanolic extracts of Cinnamon
and Cloves mixed with Fluoride Varnish Containing CPP-ACP (MI Varnish™ ) treatments on the
enamel microhardness and color. Material and Methods: Forty enamel specimens obtained from
twenty human impacted third molars were randomly divided into four groups (n = 10) according
to surface treatment: (G1) MI Varnish™ mixed with methanolic extract of Cinnamon; (G2) MI
Varnish™ mixed with methanolic extract of Cloves; (G3) MI Varnish™ mixed with methanolic
extracts of Cinnamon and Cloves meanwhile (G4) MI Varnish™ alone. Specimens were subjected
to pH cycling. Color (AE) and surface microhardness were measured for each specimen at base line,
after demineralization and post treatment. Results: The highest microhardness values presented
in MI Varnish alone (G4) and MI Varnish™ mixed with methanolic extracts of Cinnamon and
Cloves (G3) without any significant difference between them, followed by MI Varnish™ mixed
with methanolic extract of Cinnamon (G1), while the lowest hardness values were found in MI
Varnish™ mixed with methanolic extract of Cloves (G2). There was an increase in AE3 values for
all groups. Conclusions: Under the limitations of the current study, application of Cinnamon and
Clove as herbal antibacterial medicaments does not affect enamel microhardness negatively when
added with the MI paste at certain ratio. Meanwhile, unacceptable color changes of enamel surface

are expected.
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INTRODUCTION

Dental caries is considered one of the
most prevalent infections of all oral lesions.
[ Demineralization of the hard tissues via acid
generated by cariogenic bacteria is the fundamental

mechanism of caries. Streptococcus mutans is the

most well-known cariogenic bacteria related with
dental caries. It is accepted to assume a fundamental
function in the pathogenesis of dental caries. It is
engaged with caries initiation, while, Lactobacillus
distinctively cause progress of existing carious

lesions. 2! Since there is a strong relationship
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between dental caries and cariogenic bacteria,
numerous efforts have been made to introduce
antibacterial agents to eliminate or decrease the
number of the cariogenic bacteria in the oral cavity.

It’s common knowledge that chemicals such as
fluoride, chlorhexidine and antibiotics which were
utilized to counteract dental caries for a very long
while, were related with some drawbacks such as
fluorosis, discoloration of teeth and restorations, un-
pleasant taste, tongue discoloration, desquamation
of the oral mucosa and the increased bacterial resis-
tance to antibiotics.**3 Therefore, till now there is
no ideal antibacterial agent to prevent dental caries.
These issues require persistent research for alterna-
tive antibacterial treatments with limited or even no
drawbacks, for example plants. Utilizing of natural
antimicrobial agents is viewed as fruitful proce-
dures for the revelation of new medications. They
have been utilized for a large number of years in
folk medicine as they proved to be safe and specific
for oral bacteria.’-%7-81n in-vitro studies, extracts of
Cinnamon and Cloves showed excellent antibacte-
rial activity on the growth of S. mutans and some
other oral pathogens. 1%

Considering all above claims and facts,
Cinnamon and Clove extracts would be promising
substances for development of antibacterial agents
against S. mutans and L. acidophilus. Beside
the role of the natural antibacterial agents for
preventing dental carries, increasing the teeth
resistance to acid is one of the fundamental factors
in caries prevention through encouraging the
advancement of enamel surface remineralization.!'
More advanced fluoride varnish containing casein
phosphopeptide-amorphous calcium  phosphate
(CPP-ACP) was developed recently.'? The CPP-
ACP has the ability to control the free calcium and
phosphate ion activity, providing a state of super
saturation that enhance enamel remineralization.
[12-15] For

extracts of both Cinnamon and Cloves were added

augmenting the antibacterial activity,
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to the enamel surface in addition to the CPP-ACP
that could produce higher antibacterial activity than
when the CPP-ACP is used alone. P10

Thinking about these results and realities,
assessment of the effects of both Cinnamon and
Cloves on the remineralizing efficiency of CPP-
ACP was compulsory. Also, as the interest in color
research in dentistry has expanded essentially over
the recent decades, their effect on enamel color
should be evaluated. Accordingly, the current study
was carried out to evaluate the impact of Cinnamon
and Cloves on the remineralizing effect of CPP-
ACP and enamel color in comparison to the results
of CPP-ACP varnish alone.

MATERIAL AND METHODS

Twenty humans impacted third molars recently
extracted from patients in the age extend 20-30 years
were assembled, cleaned and secured in distilled
water containing 0.2% thymol antiseptic solution
for one month at 4°C till testing. ' Only sound teeth
without having any enamel defects were involved.
The roots of all the selected teeth were cut around
Imm beneath the CEJ. At that point, the coronal
part of each tooth was separated mesiodistally into
2 parts to deliver 40 enamel specimens from buccal
and lingual surfaces of (§mmx4mmx3mm).

All enamel specimens were free of any
imperfections, like cracks or pores. The specimens
were mounted in plastic molds with chemically cured
acrylic resin, with the enamel surface confronting
upward, allowed to set to make enamel blocks and
then specimens were labeled for easy identification
of each group. A 6mm? zone was demarcated with a
sticky tape on each specimen, and two layers of nail
polish were utilized to cover all around the tape. At
that point, the sticky tape was expelled to expose the
experimental area. Specimens were distinguished by
marking numbers on its bottom and kept in distilled

water for 24 hours.
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Baseline Knoop Microhardness measurements

The
were taken at three distinct points on the dentin

baseline  microhardness estimations
specimens. The indentations were made around 0.5
mm from the interface and 1mm separated from
each other.'” Each estimation was finished using
a 100 g load for 10 Sec applied perpendicularly
to the enamel surface. The values were averaged
to produce one hardness value for each specimen.
The microhardness estimations were performed
utilizing a Vickers Microhardness Tester (Wilson
miniaturized scale hardness analyzer, display Tukon
1102, Germany) with a Vickers diamond indenter
and a 20X lens. Micro-hardness measurements
were acquired utilizing the accompanying equation:
HV=1.854 P/d2 Where, HV is Vickers hardness in
Kgf/mm?, P is the load in Kgf and d is the average
diagonals length in mm.

Baseline color measurements:

A reflection  spectrophotometer (UVPC
Shimadzu 3101PC, Germany) was utilized to
gauge the shade changes. The CIE L*a*b* color
framework is a three dimensional uniform color
space with axis L*, a*, and b* where the difference
from the starting point measures the color change.
The L* values symbolize lightness. Both a* and
b* values symbolize the redness to greenness and
yellowness to blueness axes, respectively. Three
readings of L*, a* and b* were measured for each
specimen, and the mean was calculated.

Artificial carious lesion preparation

Carious lesions were artificially made by
storing of all enamel specimens in a demineralizing
medium for two days. The demineralizing solution
comprised of 2.2 mM Ca*?, 2.2 mM PO4-3, and 50
mM acetic acid at a pH of 4.4. These demineralizing
solutions were changed each 12 hrs. After two days,
the teeth were expelled from the demineralizing
solution."™ Then color and Knoop Microhardness
measurements were accomplished for all the
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demineralized specimens. A spread sheet for
randomization produced with Microsoft Excel
(Microsoft Corporation, Redmond, USA) was
utilized to haphazardly partition the demineralized
enamel blocks into four groups (n = 10) as indicated
by the randomized complete block design.

After
specimens among groups they were treated as the
following: (G1) 0.5ml MI Paste (10% CPP-ACPF;
GC MI Paste Plus, Ultradent Products Inc.) mixed
with 0.5ml methanolic extract of Cinammon; (G2)
0.5ml MI Paste mixed with 0.5ml methanolic
extract of Cloves; (G3) 0.5ml MI Paste mixed with
0.25ml methanolic extract of Cinammon and with

randomized distribution of enamel

0.25ml methanolic extract of Cloves meanwhile
(G4) 0.5ml MI Paste only. In all the specimens the
paste, Cinammon and Clove were applied with a
micro brush on their enamel surfaces.

pH cycling

pH cycling was performed to simulate the car-
iogenic challenge in conjunction with the treat-
ments. Standardized pH cycling protocol was
utilized as a part of an everyday regime of three
cycles, each one of 30min of demineralization
and 2.5 h of remineralization, followed by 6 h in
artificial saliva.'””! Before each cycle, the speci-
mens were completely flushed with distilled water.
The remineralizing solution consisted of 1.5mM
CaCl2,0.9 mM KH2PO4, 130 mM KCl, and 20mM
HEPES (pH 7), meanwhile the demineralizing
solution 1.5 mM CaCl2, 0.9 mM KH2PO4, and
50mM acetic acid (pH 5). Both of the remineral-
izing and demineralizing solutions were changed
daily. 2%

Post treatment knoop Microhardness
measurements

The final indentations were not in the same place
as the initial ones and as the markings were moved
100 pm far from the past indentations through a
digital microscope.
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Post treatment Color measurements:

Following the pH-cycling/treatment process, the
specimens were cleaned in the ultrasonic cleaner
for removing any outstanding debris. Later, a last
estimation of the three values of L*, a* and b* was
done for each specimen. The color change between
the base line and final estimation was made by
computing the variety of AL, Aa & Ab. The color
change (AE) was calculated where AE = {(AL) 2 +
(Aa) 2 + (Ab) 2} 21

RESULTS

1. Knoop microhardness

Table 1 that the
microhardness values were significantly lower than

shows post-treatment
baseline microhardness values for G1 (MI paste
+ Cinnamon extract) and G2 (MI paste + Cloves
extract). Meanwhile there were no statistically
significant difference between post-treatment and
baseline microhardness values of G3 (MI Paste +
0.25ml Cinnamon extract + 0.25ml Cloves extract)
and G4 (MI Paste). From the analysis of the Knoop
microhardness, the final reading (post treatment)
significantly differed from Demineralized surface
microhardness reading, which presented the highest
mean value in (G4) and (G3), followed by (G1),
while the lowest hardness values were found in (G
2), as shown in Fig.1.
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Fig. (1) Bar chart representing microhardness for different
groups

2. Color measurements

Regarding analyzing the color change values
using CIE Lab colorimetric analysis, there was
no statistically significant difference between all
the groups in AE1. However, the AE2 showed the
highest mean value in Group 3 followed by Group
2, and Group 4 respectively, meanwhile Group 1

showed the lowest mean value.

By analyzing the AE3 values, there was an
increase in its values for all groups. Where the AE3
value of Group 3 (MI paste + 0.25 ml Cinnamon
+ 0.25 ml Cloves extract) recorded the highest
mean followed by Group 4 (MI paste) followed by
Group 2 (MI paste + Cloves extract) respectively.

TABLE (1): Mean and standard deviation (SD) of Knoop microhardness.

Baseline microhardness Demineralized surface Post treatment
Variables microhardness microhardness
Mean SD Mean SD Mean SD
G1 320.00% 13.99 70.22¢ 13.18 131.848° 48.66
G2 315.60% 3722 68.28¢ 12.22 120.46% 30.36
G3 314.70% 23.13 67.645 593 309.20% 55.14
G4 305.40% 55.85 64.37% 9.10 310.90% 60.11

Means followed by different letters uppercase horizontally and lowercase vertically show statistically significant differences
(*; significant (P<0.05).
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TABLE (2) The mean values and standard deviation (SD) of color change (AE)

Variables Color change
AE1 AE2 AE3 p-value
differences in color differences in color between differences in color between
between baseline & after after demineralization& post baseline & post treatment
demineralization treatment
Mean SD Mean SD Mean SD

Groupl 2.784° 0.25 2.49¢ 0.25 3918 0.31 <0.001°*
Group2 2.747° 0.22 3418 0.20 4.844a 0.31 <0.001*
Group3 2.964° 0.15 4 .88 0.38 5.374 0.32 <0.001*
Group4 2.804° 0.34 30580 0.26 4,924 0.35 <0.001%*
p-value 0.524ns <0.001* <0.001*

Means followed by different letters in uppercase vertically and lowercase horizontally indicate significant differences (*;

significant (P<0.05).

Meanwhile, samples of the Group 1 represented the
lowest man value. Statistical analysis of the AE3
values showed that there was significant difference
between Group 1 and the other groups (Group 2,
Group 3 and Group 4).

DISCUSSION

Prevention of dental caries through increasing
enamel resistance to cariogenic acid attack by fluo-
ride and using of chemical antimicrobials are of the
most common noninvasive approaches in dentistry.
Recently, the use of natural herbs like Cinnamon
and Clove as an alternative to conventional treat-
ment in treatment of caries has been introduced. **
Z1The clove extract consists mainly of phenolic sub-
stances which are powerful antioxidants and known
to have antimicrobial effect useful for the manage-
ment of dental caries and periodontal disease. 12
Also, cinnamon resulting in significant decrease in
the number of Streptococcus mutans which is one of
the most cariogenic pathogen.

In the current study, the microhardness of
enamel surface was significantly decreased after
initiation of carious lesion as an indication of
enamel demineralization. After treatment of enamel

samples with the selected agents, there was an
elevation in the microhardness value. Based on the
current analyses, the microhardness results showed
that the samples treated by MI paste with Cinnamon
extract in Group 1 and MI paste with Clove extract
in Group 2 showed increase in microhardness in
comparison to the demineralized surface micro but
not reaching to the baseline values. The results of the
Group 1 are in agreement with Anggono, 2018 who
found that Cinnamon with a pH below the critical
pH of enamel could dissolve the hydroxyapatite
crystals creating porous enamel surface, leading to
declining of enamel microhardness. ! Meanwhile,
the results of the Group 2 are inconsistent with other
previous studies which reporting that presence of
Clove extract could elevate the microhardness of
demineralized enamel surface that was attributed to
their content of calcium and phosphorus ions which
are the major components of hydroxyapatite. 12226l
It was assumed that these elements were involved
in the outer enamel surface explaining the increase
in the values of the microhardness. On contrary,
there are many elements other than calcium like
manganese in the clove extract that may substitute
calcium ion of hydroxyapatite crystals leading to
decrease in the Ca/P ratio and forming other crystals
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that may decrease the microhardness of tooth
structure. **! On the contrary to Group1 and Group 2,
the microhardness results showed a gradual increase
returning to baseline values in the samples treated
by MI paste with Cinnamon and Clove extract
in Group3, and MI paste alone in Group 4 after
treatment. This increase of enamel microhardness
in Group3 as well as in Group 4 may be related to
the reaction of fluoride ion containing MI paste plus
with enamel surface in the form of calcium fluoride
which is formed wherever the hard dental tissues
are exposed to high concentrations of ionic fluoride.
(23.27) Tn the current study, MI paste was used as a
positive control in Group 4 due to its effective role in
remineralization. ** Using of Cinnamon and Cloves
together in group 3 doesn’t affect the enamel surface
microhardness negatively. This could be explained
based on decreasing the amount of both cinnamon
and cloves to 0.25 ml each instead to 0.5 ml. Also,
they may have antagonistic effect when applied
together that may be responsible for decreasing
their negative effect on enamel microhardness that
was previously represented in group 1 and group
2. However, the impact of these herbs on enamel
remineralization is less well understood. So that,
we recommend that further studies are needed to
explain in detail the exact mechanism of interaction
between Cinnamon and Cloves and enamel surface
remineralization.

Regarding the color analysis, AE > 3.3 was
considered clinically unacceptable. *- 3 The
results of the current study revealed that AE 3
values resulted in the highest mean followed by AE
2 followed by AE 1. This gradual increase in AE
values from the base line to demineralization and
finally the post treatment values representing darker
color change. The AE 3 values of groups 1,2 & 3
showed color difference AE3 >3.3. This could be
attributed to presence of polyphenolic compound
(tannin) in both Cinnamon and Clove. The tannin
content result in staining of the enamel surfaces
especially through the porosities created during the
demineralization periods.!:321 So that the highest
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AE3 value was recorded for the Group 3, that could
be attributed to the highest concentration of tannin
which was available on the enamel surfaces when
both Cinnamon and Cloves added together.

Amazingly, Group 4 (MI paste alone) showed
an increased AE 3 (higher than the clinically
perceptible value) however, the tendency of the
color change was toward the yellow color compared
to the reddish tinge in the groups 1,2 &3. And since
yellowish is more likely to occur in normal clinical
situations, even with aging, the clinical perception
of a more yellow tooth is more acceptable than the
red one. Therefore, the use of Cinnamon and Clove
in anterior zone should not be recommended, while
it might be successfully used in the posterior region.

CONCLUSIONS

Under the limitations of the current study,
application of Cinnamon and Clove as herbal
antibacterial medicaments does not affect enamel
microhardness negatively when added with the
MI paste at certain ratio. Meanwhile, unacceptable
color changes of enamel surface are expected.
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