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ABSTRACT

Background and aim: The therapeutic procedures used in the treatment of caries do not always eliminate all the microorganisms. Persisting
cariogenic bacteria can cause recurrent caries and failure of restoration. Incorporation of an antimicrobial agent in the restorative material may
be of paramount significance. The purpose of this study was to evaluate and compare the antibacterial effect of glass ionomer cement (GIC)
containing CHX and miswak extract on Streptococcus mutans and Streptococcus sobrinus in ECC children using polymerase chain reaction (PCR).
Materials and methods: Forty-five children with ECC in the age-group 3-6 years were selected. The children were randomly allocated into
three groups. Supragingival plaque samples (S1) were collected from sound buccal or labial surfaces of primary teeth. Cavity preparation was
done and the teeth were restored according to the group to which the child had been allotted. The second plaque sample (52) was collected 1
month and the final sample after 3 months of restoring all the decayed teeth. All the samples were sent for PCR analysis.

Results: Intergroup analysis was done using Kruskal-Wallis test followed by Mann-Whitney post hoc test showed statistically significant difference
in S. mutans and S. sobrinus count between group | (CHX) and group Il (control) and group Il (miswak) and group Il (control) but no statistically
significant difference between group | (CHX) and group Il (miswak) in S. mutans and S. sobrinus count.

Conclusion: 1% chlorhexidine digluconate and aqueous extract of miswak are equally effective against S. mutans and S. sobrinus. Miswak can
be used as an alternative herbal antimicrobial that can be incorporated in anhydrous GIC.
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INTRODUCTION

Dental caries is a multifactorial disease that is ubiquitous and is
as old as mankind." It is an international public health challenge,
especially among infants and toddlers, and is known as early
childhood caries.>* The disease of ECC is the presence of 1 or more
decayed (cavitated or non-cavitated lesions), missing (due to caries),
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or filled tooth surfaces in any primary tooth in a child who is 71
months of age or younger.*

ECCbegins early in life, progresses rapidly, and its consequences
can have both immediate and long-term effects not only on the
child but also the family.* Dental caries continues to remain a major
dental health problem despite the numerous advances made in
the field of preventive dentistry. A positive correlation has been
observed between the levels of mutans streptococci and caries
experience among individuals. Out of seven species of MS that
exhibit variable virulence and adherence properties, Streptococcus
mutans and Streptococcus sobrinus are strongly implicated with the
occurrence of dental caries.”

Streptococcus mutans are the principal cariogenic bacteria for
caries initiation. Streptococcus sobrinus although are less frequently
detected is associated with enhanced caries activity on the smooth
surfaces causing caries increment, development, and progression.5’
In ECC, MS comprises 10% of salivary flora and 30-50% of plaque
florawhereas <1% of the of the flora in low caries risk children is MS.”

Once the caries process sets in restoring the tooth become
mandatory to prevent further damage to the tooth structure.
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The most widely used restorative material for restoring deciduous
teeth is GIC.® Several modifications have been made in the
chemistry of conventional GIC's to improve their properties. One
such modification is anhydrous GIC. This cement not only has
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improved physical properties but also better mixing and handling
characteristics.’

The therapeutic procedure involved in the treatment of caries
will not always eliminate all the microorganisms and the persisting
cariogenic bacteria can further cause recurrent caries.'® This can be
reduced by improving the antibacterial properties of the cement
either by making advances of the material or modifications of the
existing one. The fact that GIC can readily permition exchange with
its local environment offers the advantage to dope the cement with
other soluble antimicrobials."'?

CHX, a bisbiguanide, is a gold standard for caries and gingivitis
control.”® Owing to its antimicrobial properties, low cost, and
well understood pharmacological properties CHX can be easily
incorporated into several dental materials including GIC.'? Due
to an increase in the side effects and development of antibiotic
resistance to some antimicrobials, on one hand; safety, easy
availability, and low cost of natural products, on the other hand,
several natural and herbal products used for caries prevention, can
be incorporated into dental products.'* One such material is Miswak.
Miswak also known as Siwak is derived from the twigs or roots of
Salvadora persica or Arak tree, commonly found in Asia and Africa."*
It possesses properties like anti-caries, antifungal, antibacterial,
anti-periopathic, anti-inflammatory, and helps in wound healing."*'>

To understand the part played by the microorganisms in
causing caries efficient methods are needed to detect and identify
them. gRT-PCR uses primers that are specific for a given species, thus
providing a sensitive and accurate method to detect and quantify
individual species of bacteria and also the total bacteria.>® Not many
studies have compared the antibacterial properties of GIC with CHX
and miswak in children against the mentioned microorganisms
using qRT-PCR. Hence, the present study aimed to evaluate the
effect of adding CHX and miswak extract to GIC on S. mutans and
S. sobrinus when used as a restorative material in ECC.

MATERIALS AND METHODS

The current study was carried on 45 children in the age-group 3-6
years visiting the Department of Pediatric and Preventive Dentistry,
RajaRajeswari Dental College and Hospital, Bengaluru. The ethical
clearance was obtained from institutional review board. Children
with 4 or more than 4 cavitated restorable lesions were included in
the study. Children who had taken antibiotics in the past 3 months,
children who received fluoride topical application during last 48
hours, children who require special health care needs, children with
restored teeth, pulpally involved teeth and children undergoing
any kind of interceptive orthodontic treatment were excluded
from the study.

The decayed, missing, or filled teeth were given scores
according to WHO criteria. Children were randomly allotted one
of the groups:-

«  Experimental group I: (N = 15)

Children where all the decayed teeth were restored using GIC
with 1% CHX digluconate.
«  Experimental group Il: (N = 15)

Children where all the decayed teeth were restored using GIC
with miswak extract.
- Experimental group lll (control): (N = 15)

Children where all the decayed teeth were restored using GIC
with deionized water.
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Preparation of Study Materials
Chlorhexidine Digluconate Solution

20% CHX digluconate solution was purchased from Sigma-Aldrich.
This was further diluted to 1% working stock solution. To obtain 50
mL solution of 1% CHX digluconate, 2.5 mL of 20% CHX digluconate
was added to 47.5 mL of sterile distilled water. This 1% solution
was filter sterilized using 0.23 um syringe filters and sterile plastic
50 mL containers. The filtered 1% CHX digluconate was stored at
4°C until used.

Aqueous Extract of Miswak

Miswak sticks were chopped into thin strands using a knife and
dried in shade for 4 days. The thin strand was further chopped
into 0.3-0.5 cm pieces using strong cutters and was dried for 2
days in the shade. The small miswak pieces were grounded into
a fine powder using a blender. The powder was sieved to remove
the coarse particles. The cold maceration protocol was followed by
soaking 10 g of sieved fine powder of miswak in 100 mL of deionized
sterile (autoclaved) water. The mixture was incubated for 48 hours
at 4°C in a refrigerator with customized setup for continuous
stirring using magnetic stirrer. After incubation, the mixture was
then centrifuged at 2,000 rpm for 15 minutes. The supernatant was
collected in new 50 mL tubes and initially filtered using Whatman
qualitative filter paper No. 1. Then, the filtrate was again filtered with
0.45 um membrane filters using vacuum filtration apparatus. The
final miswak extract was aliquot in 1 mL which was stored at —20°C
until use. The prepared and stored extract was used within 7 days.

Sample Collection

Supragingival plaque samples (S1) were obtained from sound
buccal/labial surfaces of primary teeth using a sterile dental
explorer. The collected plaque sample was aseptically transferred
to the transport media TE buffer and the sample was stored at
—20°C until the time gRT-PCR analysis was done. Similar method
was followed for all the collected samples.

All the carious dentin was removed using a sterile spoon
excavator. Cavity preparation was done using sterile #330 round
burin a high-speed handpiece. All the infected dentin was removed
leaving behind the affected dentin. Any leftover unsupported
enamel was removed using an enamel hatchet. The cavity was
then cleaned and dried by blotting with a dry cotton pellet. All the
decayed teeth were then restored according to the assigned study
group (group I/11/111). All the clinical procedures were performed by
a single examiner.

The water dispenser supplied by the manufacturer was filled
with the liquid (1% CHX digluconate, aqueous extract of miswak or
deionized water) and the plastic insert was placed onto the neck. To
dispense the liquid, the bottle was held vertically above the mixing
pad and squeezed gently. The powder bottle was inverted before
use to fluff the powder. The powder liquid ratio was used according
to the manufacturer’s instructions, i.e., two scoops powder: two
drops liquid. The cement was mixed using an agate spatula. Mixing
was done by dividing the powder into two equal halves on the
mixing pad. The first half of the powder was mixed with the liquid
in 5 seconds and then the second half was incorporated and mixed
for 10 seconds with mixing time not exceeding 20 seconds. The final
mix should have a glossy surface.

The cement mix was packed into the cavity using the plastic
filling instrument. It was then pressed into the cavity for 30 seconds
using a gloved finger coated with petroleum jelly. Occlusion was
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checked and excess material was removed using a sterile carver.
All the participants in all the groups were advised not to drink or
eat anything for an hour.

The second plaque sample (52) was collected after 1 month
and the final sample was collected after 3 months of restoring the
final decayed tooth from the buccal surfaces of primary molars
or labial surfaces of primary anteriors and was stored until PCR
analysis was done.

gRT-PCR

Extraction of DNA from the plaque samples was done by using
a highly efficient Invitrogen DNA isolation kit (Purelink™ DNA
extraction kit, Applied BioSystems, India). The extracted DNA
was then purified. In the current study, Custom SYBR Green assay
reagents (Applied BioSystems, India) were used. The primer
sequences are as follows:

-« Streptococcus mutans Forward:
5'-GCCTACAGCTCAGAGATGCTATTCT-3’ Reverse:
5'GCCATACACCACTCATGAATTGA-3’

- Streptococcus sobrinus Forward: 5-TGC TAT CTT TCC CTA GCA
TG-3' Reverse: 5'-GGT ATT CGG TTT GAC TGC-3’

« 16SRNA (2 sets) Forward Primer: 3'-TCCTACGGGAGGCAGCAGT-5
Reverse Primer: 5-GGACTACCAGGGTATCTAATCCTGTT-3’

« Pure link genomic DNA extraction kit (135 samples).

PCR Protocol

Areaction solution composed of SYBR Green Universal PCR Master
Mix (10 pL), forward primer (1 yL) and reverse primer (1 pL) for the
specific organism, extracted DNA of unknown sample (3 pL) and
water that is nucleus free to make a complete reaction volume of
20 pL. The conditions for real-time PCR were as follows: holding
stage at 95°C for 10 seconds followed by 40 cycles of shuttle
heating at 95°C for 15 seconds and at 60°C for 1 minute. The melt
curve stage was at 95°C for 15 seconds, 60°C for 1 minute, and
95°C for 15 seconds. 16S RNA was used as an endogenous control
(SYBR Green assay reagents, Applied Biosystems, India). Relative
quantification (RQ) for S. mutans and S. sobrinus was based on the
Ct (the number of PCR cycles necessary to obtain the threshold
signal of fluorescence) values. All the calculations were done using
Applied Biosystems Software.

Statistical Analysis

Statistical Package for Social Sciences (SPSS) for Windows Version
22.0 Released 2013. Armonk, NY: IBM Corp., was used to perform
statistical analyzes.

Descriptive Statistics

Itincludes expression of the S. mutans and S. sobrinus levels in terms
of mean and standard deviation.

Inferential Statistics

Friedman'’s test followed by the Wilcoxon signed post hoc test was
used to compare the mean S. mutans and S. sobrinus count between
different time intervals in each study groups. Kruskal-Wallis test
followed by Mann-Whitney post hoc test was used to compare the
mean S. mutans and S. sobrinus count between the three groups
at different time intervals. The level of significance will be set at
p < 0.05.
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The intergroup comparison of three groups showed a statistically
significant differenceinthe count of both the studied microorganisms
between group | (GIC + CHX) and group Ill (GIC + deionized water)
at 1 month and 3 months and group Il (GIC + miswak) and group Il
(GIC + deionized water) at 1 month and 3 months. The difference
in the mean count of both the studied microorganisms between
group | (GIC + CHX) and group Il (GIC + miswak) was not statistically
significant suggestive of similar antimicrobial potential against S.
mutans and S. sobrinus (Figs 1 and 2).

Discussion

Despite several advances in the field of preventive dentistry,
dental caries still continues to be the most common oral disease in
mankind.” Dental caries in infants and toddlers have a distinctive
pattern affecting the maxillary primary incisors and the first
primary molars in a way reflecting the pattern of eruption and
is collectively called ECC.*'® Although the etiology of ECC is
multifactorial, S. mutans and S. sobrinus play a key role.> Children
with ECC were included in the current study, as the acquisition of
MS has been found to be more common during the window period
that occurs around the age of 26 months.” Thus for a thorough
caries prediction and its subsequent treatment, detection of the
presence of MS in early years isimportant. Many studies have been
conducted to understand the association between caries activity
and microorganisms, the results of which have revealed children
with elevated counts of S. mutans and S. sobrinus have a higher
incidence of dental caries.>>6"

The cariogenicity of S. mutans can be assigned to its
characteristics of adhesiveness, acidogenicity, and acid tolerance.'®
Streptococcus mutans adhere within dental plaque via sucrose-
independent and sucrose-dependent means using pellicle directed
and specific surface antigens, respectively.'®'® These organisms
produce lactate, acetate, formate, and ethanol using the glycolytic
pathway. The acids produced by these organisms ata pH range from
7.0to 5.0 are at a velocity that exceeds that of other oral streptococci.
F1F0-ATPase proton pump and an adaptation occurring due to the
change in gene and protein expression in these organisms make
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Fig. 1: Mean PCR values of S. mutans between three groups at different
time intervals

231



Antimicrobial Effect of GIC Containing Chlorhexidine and Miswak in Early Childhood Caries Children: A PCR Study

4.000

3.325
3.882

3.500

| 3.017

3.000

|2.237

2.500

1.707

2.000

1.436

1.500

Mean PCR values
1.098

0.909

1.000
0.500

— 7
3 months
Group IlI

0.000

1 month
M Group Il

Baseline
M Group |

Fig. 2: Mean PCR values of S. sobrinus between three groups at different
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them acid tolerant.'® Streptococcus sobrinus adhere to the tooth
surface mainly by using glucans and its virulence factor is due to
the presence of seven genes encoding for glucosyltransferase.'
Considering the virulence of both these microorganisms in the
initiation and progressions of ECC they were used as a test organism
in the present study.

In the current study, organisms were detected from dental
plaque rather than saliva as the salivary sample does not help in
establishing an effective association between cariogenic bacteria
and caries. Higher counts of S. mutans are found in saliva but
are lower on the tooth’s surface, where they actually produce
acids responsible for demineralization.? Their quantification and
identification are relevant for epidemiological and early intervention
studies. Detection of MS can be done by various methods like
microbial culture technique, biochemical identification, genetic
and immunologic methods using DNA probes, ELISA, molecular
methods like PCR, etc.>®

In the present study, PCR was used to amplify the gene
sequences of S. mutans and S. sobrinus. PCRis not only rapid but also
a highly sensitive method and takes 6-7 hours for the detection of
microorganisms.? In the present study, the mean score of S. mutans
at baseline was 4.291 and maximum count of 8.28 in all the three
groups was observed. The mean score of S. sobrinus at baseline was
3.832 and maximum count about 8.27 in all the three groups was
observed. These findings are in agreement with various studies,
that both these organisms present in dental plaque are strongly
associated with the development of ECC.>*®' In contrast to the
findings of the present study, Matee et al. reported high levels of
MS in some caries free children. They also suggested that in children
with rampant caries in the age-group of 1-2.5 years S. sobrinus did
not play a key role.”

In the current study, anhydrous GIC was used as a restorative
material as the ions can readily travel in and out of the material;
hence, the cement can be doped with other soluble antimicrobials.
Second, this type of GIC is normally mixed with distilled water
allowing easy usage of different antimicrobial agents for mixing
the cement. Third, conventional high viscosity GIC easily releases
the antibacterial product whereas resin-modified GIC may keep the
same product in the matrix for a longer time delaying its release.?’
Turkun et al. and Kabil et al. have also used anhydrous GIC in their
studies and found that anhydrous GIC allows easy incorporation
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of antimicrobials agents to GIC without altering powder liquid
ratio.!>%!

CHX is a bisbiguanide and has cationic properties. It is
composed of two chlorophenyl rings and two biguanide groups
thatare connected by a central hexamethylene chain.?? Based on its
concentration, it can act as a bacteriostatic or bactericidal agent. At
lower concentrations, it affects the integrity of the cell wall further
attacking the cytoplasmic membrane.?' In high concentrations, CHX
causes the cytoplasm to solidify.> CHX is a gold standard for caries
and gingivitis control.” Because of its property of substantivity, it
is slowly released into the oral cavity and hence its antibacterial
effect lasts for a longer time compared with other agents. Hence,
in this study, CHX was used as one of the antimicrobial agents.
Several authors have also incorporated CHX into GIC to improve
the antimicrobial properties of GIC and have found that CHX has
potent antibacterial activity and is effective in reducing S. mutans
counts,313:21.24.25

CHX is commercially available in the form of —CHX diacetate,
CHX dihydrochloride, or CHX digluconate. Digluconate salt is
commercially available as 20% (wt/vol) concentration and is diluted
(2%) for clinical use.? Increased and rapid release of CHX is noted
from the digluconate form compared with CHX diacetate and
CHX dihydrochloride.?’ Due to this advantage, CHX digluconate
was used in this study. CHX digluconate was also used by several
other authors in their studies and they have concluded that CHX
digluconate can prevent secondary caries for an extended period
of time.13:20.21.27

The addition of antibacterial agents can affect the mechanical
properties of GIC and also reduce the F release from the set cement.
According to Jedrychowski, Caputo, and Kerper, the properties of
GIC deteriorate after the addition of CHX at concentrations above
5%. According to Hoszek et al. after addition of 10% CHX, the F
release of GIC decreases over time.2’ Turkun et al. in their study
have shown that addition of 1% CHX did not affect the physical
and mechanical properties of GIC.2' Hence, 1% CHX digluconate
solution was used in the present study.

In group I (GIC 4+ CHX), a reduction in the study microorganism
was observed from baseline to 1 month, from 1 to 3 months, and
between baseline and 3 months and this difference was statistically
significant. This suggests that CHX possesses antibacterial activity
against both the studied microorganisms (Tables 1 and 2). Study
conducted by Duque et al. concluded that incorporation of 1.25%
CHX significantly reduced S. mutans counts without changing the
mechanical properties and F release of GIC.2°

In contrast, Sandham et al. in his study have stated that
eliminating MS even for a shorter period of time using CHX is difficult
in some individuals and that faster recolonization of oral surfaces
occur in subjects whose infections are eliminated easily.?

Plant-derived phytochemicals have been gaining a lot of
attention as an alternative to commercial antimicrobials due to
their added benefits of being used in traditional medicines and
being economical without causing antibacterial resistance.?’
Miswak is one such herbal antimicrobial derived from the plant
Arak (Salvadora persica).3°

Salvadora persica extract can be obtained either in aqueous
or alcoholic form.3' Studies have shown that aqueous extract of
miswak has growth inhibitory effects on the primary colonizers
responsible for early stages of plaque formation and bacterial
species associated with dental caries and periodontal diseases.>?
Hence, in the present study, aqueous extract of miswak was used
as an antimicrobial agent.
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Table 1: Comparison of mean S. mutans PCR values between different time intervals in each group using Friedman'’s test followed by Wilcoxon

signed post hoc test

Groups Time N Mean SD Min Max p value Sig. diff. p value

Group | Baseline 15 3.885 2.262 1.20 7.60 <0.001* T1vsT2 0.001*
1 month 15 1.239 0.900 0.39 3.80 T1vsT3 0.001*
3 months 15 0.990 0.625 0.29 2.50 T2vsT3 0.01*

Group Il Baseline 15 3.697 2.094 1.18 8.28 <0.001* T1vsT2 0.001*
1 month 15 1.693 0.935 0.53 4.10 T1vsT3 0.001*
3 months 15 1.251 0.643 0.42 2.40 T2vsT3 0.01*

Group lI Baseline 15 4.291 2.668 1.30 8.24 <0.001* T1vsT2 0.001*
1 month 15 3.351 2322 0.60 7.29 T1vsT3 0.001*
3 month 15 2.846 2.254 0.40 6.51 T2vsT3 0.01*

*Statistically significant
T1-Baseline, T2-1 month, T3-3 months

Table 2: Comparison of mean S. sobrinus PCR values between different time intervals in each group using Friedman'’s test followed by Wilcoxon

signed post hoc test

Groups Time N Mean SD Min Max p value Sig. diff. p value
Group | Baseline 15 3.325 1.954 0.55 6.53 <0.001* T1vsT2 0.001*
1 month 15 1.436 0.816 0.12 3.40 T1vsT3 0.001*
3 months 15 0.909 0.607 0.00 1.90 T2vsT3 0.001*
Group Il Baseline 15 3.832 1.804 1.57 7.73 <0.001* T1vsT2 0.001*
1 month 15 1.707 0.747 0.99 3.90 T1vsT3 0.001*
3 months 15 1.098 0.277 0.50 1.50 T2vsT3 0.001*
Group Il Baseline 15 3.832 2.580 1.10 8.27 <0.001* T1vsT2 0.001*
1 month 15 3.017 2.366 0.67 7.51 T1vsT3 0.001*
3 months 15 2.237 1.603 0.50 5.33 T2vsT3 0.002*

*Statistically significant
T1-Baseline, T2-1 month, T3-3 months

Miswak contains sulfur, alkaloids, and butanediamide which
have antimicrobial activity, chlorides and fluorides help in
enamel remineralization, Vitamin C helps in tissue healing and
repair, tannins reduce plaque and gingivitis, silica removes the
stains, benzyl isothiocyanate prevents cariogenic and genotoxic
compounds and essential oils improve the flow and buffering
action of saliva.3® Miswak is readily available, cost-effective, and
has a wide range of actions and hence it was used in the present
study.

In group Il (GIC + Miswak), a reduction in the study
microorganism was observed from baseline to 1 month, from
1 to 3 months, and between baseline and 3 months and this
difference was statistically significant. This suggests that miswak
extract possesses antibacterial activity against both the studied
microorganisms (Tables 1 and 2).

The results derived from the present study are in unison with
the results obtained by Sofrata et al. who reported the antibacterial
effect of S. persica against oral microorganisms like S. mutans,
L. acidophillus.3* Al-Bayata et al., Shingare and Chaugule, and
Masoumeh et al. had also found miswak extract as an effective
antimicrobial agent which is comparable to the present study
results. In contrast, Almas et al. in their study concluded that
aqueous miswak extract has no effect on S. mutans, S. aureus, and
C. albicans. This difference could be attributed to the variation in
microbial strains and the type of method employed.>® El-Tatari
in his study concluded that the addition of 1% SPE did not affect
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the compressive strength and diametral tensile strength, and the
addition of 4% SPE although decreased the physical properties of
GIC gave promising results regarding antimicrobial activity against
S.mutans, S. sanguis, and C. albicans.3®

In the current study, deionized water was used as a control to
mix GIC. In group Ill (GIC + deionized water), there was a drop in
the count of studied microorganism from baseline to 3 months.
The difference in the microorganism count between baseline to 1
month, from 1 to 3 months, and between baseline and 3 months
was statistically significant (Tables 1 and 2).

CoNcLUSION

All three groups had an antimicrobial effect against S. mutans and
S.sobrinus. CHX was the most effective antimicrobial agent among
the three materials. The antimicrobial efficacy of CHX and miswak
extract was similarat 1 and 3 months intervals. Miswak can be used
asan alternative herbal antimicrobial agent against both S. mutans
and S. sobrinus. Conventional anhydrous GIC was least effective in
reducing the mean count of S. mutans and S. sobrinus.
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