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Abstract
Zinc (Zn) is a mineral contained in the enzyme, alkaline phosphatase, present in gingival
crevicular fluid. It is believed that a relationship exists between gingival crevicular fluid volume and
gingivitis. Gingivitis in children is caused by the accumulation of plaque and bacteria. Plaque is a
layer on the surface of teeth containing bacteria. Streptococcus mutans is most commonly found on
plaque and colonizes on teeth surfaces. This research was conducted to determine the relationship
between Zn levels in gingival crevicular fluid, and gingivitis and the growth of S. mutans colonies in
children. The subjects were 30 children, aged 12–14 years. Zn levels were measured using the
atomic absorption spectrophotometry method. A weak but positive correlation was established
between Zn levels in gingival crevicular fluid and gingivitis (p < 0.050). This finding was not
statistically significant. Higher Zn levels in gingival crevicular fluid were equated with increased
gingivitis in children. By contrast, a negative and moderate correlation, which did not reach
statistical significance, was established between Zn levels and the growth of S. mutans colonies in
children (p = < 0.050). Higher gingival crevicular fluid Zn levels were equated with decreased
colony growth of S. mutans in children.
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Introduction
Periodontal inflammation is common in
children and adolescents. Inflammation affects
the gingival tissue in many cases. Gingivitis, an
associated disease, is characterized by gingival
inflammation without bone loss and without loss
of attachment to the connective tissue.1 The
incidence of gingivitis reaches its peak in early
puberty. Gingival inflammation varies according to
age and is strongly associated with a transitional
period of approximately 5–6 years featuring mixed
dentition and occurring until puberty. This period
is characterized by irregular teeth alignment and
hormonal changes. Gingivitis is found in 73% of
children aged 6-11 years and in 50-99%% of
adolescents.2 Gingivitis is caused by the
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accumulation of plaque and bacteria.1 Plaque is
a bacteria-containing layer on the tooth surface.
The oral cavity is inhabited by more than 300
species of bacteria, and teeth are usually
predominantly colonized by Gram-positive cocci.3,4
Streptococcus mutans is found soft tissues, saliva,
and tongue, more so than on the teeth.5
Periodontal inflammation can be detected by
examining gingival crevicular fluid. It is well
known that the volume of gingival crevicular fluid
increases during inflammation. This fluid can be
found in the gingival sulcus. It contains enzymes,
inflammatory mediators and products, and tissuebreakdown products.6
Zinc (Zn) is a mineral contained in the
enzyme, alkaline phosphatase (ALP), present in
gingival crevicular fluid. The number of these
enzymes increases with disease progression and
Zn levels in the enzyme activate ALP activity.7,8 It
has been stated in previous studies that an
increase in the volume of gingival crevicular fluid
is an indicator of gingival inflammation. However,
it is not yet known if Zn levels influence the
growth of S. mutans colonies or cause gingivitis
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in children. Thus, this study was conducted to
assess the relationship between gingival crevicular
fluid Zn levels, and gingivitis and the colony growth
of S. mutans in this population.
Materials and methods
This was an observational laboratory study
in which a cross-sectional, experimental design
was employed. It was approved by the Ethical
Committee, Faculty of Dentistry, Universitas
Indonesia, Jakarta, Indonesia. Gingival crevicular
fluid and plaque from subjects who met the
inclusion criteria were added to samples. The
inclusion criteria were children aged 12–14 years
with gingivitis in one or more regions and dental
caries. The exclusion criteria were subjects who
C
were menstruating and those consuming systemic
drugs at the time of the study. All of the subjects,
30 children in total, were sourced from a junior
high school in Jakarta, Indonesia. Gingival
crevicular fluid and plaque samples were
obtained from 10h00–11h00 and gingival index
measurements were taken. The fluid was derived
by inserting a paper point to a 1 mm depth into
the sulcus of teeth numbers 19 or 30 for 30
seconds. Thereafter, it was transferred to an
Eppendorf tube containing 1 ml of phosphatebuffered saline (PBS).
The samples were adjusted using 1–2 ml
of nitric acid (HNO3) (60%) until homogeneity
was achieved. The Zn levels were then measured
using the atomic absorption spectrophotometry
(AAS) method. The plaque samples were also
obtained via the paper point technique and added
to an Eppendorf tube. An S. mutans colony count
was carried out (colony forming units/ml). Analysis
of any correlation between gingival crevicular fluid
and S. mutans colony growth was performed using
Pearson’s correlation coefficient. Spearman’s rank
correlation coefficient was employed to assess any
correlation between Zn levels and gingivitis
prevalence, and between the growth of S. mutans
colonies and gingivitis. Statistical significance was
set at a p-value of < 0.050.
Results
The samples were obtained from children
aged 12–14 years at a Jakarta junior high school.
Thirty research subjects met the inclusion criteria.
Zn levels in gingival crevicular fluid were
determined and the S. mutans colony count was
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measured at the Oral Biology Laboratory, Dentistry
Faculty, Universitas Indonesia. Spearman’s rank
correlation coefficient was used to determine the
significance of a relationship between the Zn
levels and the Gingival Index. A positive, weak,
and insignificant relationship was established (r =
0.130, p = 0.493) (Table 1). The relationship
between Zn levels and the growth of S. mutans
colonies in children was found to be negative,
moderate, and insignificant (r = -0.410, p = 0.829)
(Table 2). The Spearman rank correlation
coefficient results are shown in Table 3. A
moderately strong, positive, and significant
relationship was demonstrated between the
Gingival Index and the growth of S. mutant
colonies in children (r = 0.389, p = 0.034).
Mean±SD
Zinc
levels
in
crevicular fluid (ppm)
Gingival Index

gingival

p-value

r

1.436±0.832

0.130 0.493

1.031±0.620

Table 1. The relationship between zinc levels in
gingival crevicular fluid and the Gingival Index.
Mean±SD
Zinc
levels
in
gingival
1.436±0.832
crevicular fluid (ppm)
The growth of S. mutans
colonies in children (CFUs/ml 9.081±5.154
× 103)

r

p-value

-0.410

0.829

Table 2. The relationship between zinc levels in
gingival crevicular fluid and the growth of S.
mutans colonies in children. CFUs: colony-forming
units.
Mean±SD
Gingival Index
The growth of S. mutans
colonies in children (CFUs/ml
× 103)

r

pvalue

0.38
9

0.034

1.031±0.620
9.081±5.154

Table 3. The relationship between the Gingival
Index and the growth of S. mutans colonies.
Discussion
The study objective was to determine the
relationship between the Zn levels in gingival
crevicular fluid and gingivitis, and between the Zn
levels in gingival crevicular fluid and the growth
of S. mutans colonies in children. This was based
on the high prevalence of gingival inflammation in
children for which early prevention is essential.
Samples were collected from a school in Jakarta,
and then transported to the Oral Biology
Laboratory, Dentistry Faculty, Universitas
Indonesia. The location was selected based on
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consideration being given to schools and
laboratory locations that were easily accessible.
The subjects were children aged 12–14 years.
This age range was chosen according to the
theory that the incidence of gingivitis reaches its
peak at puberty. The prevalence of gingival
inflammation has been reported to be 73% in
children 6-11 years old and 50-99% in
adolescents.2 The inclusion criteria were subjects
who were not menstruating at the time of the
sample collection process and those without
dental caries on their posterior teeth. ALP plasma
concentration is affected by the menstrual cycle
in women. Most ALP plasma activity occurs
during the proliferative phase, reaching a peak
during ovulation and decreasing until the start of
menstruation.6 In addition, subjects were
excluded if they were taking systemic medication
at the time that the study was conducted as this
would have affected the normal oral flora.
This was an observational, crosssectional, experimental study. A cross-sectional
design was chosen because it allows the
research subjects to be observed together
simultaneously. This design is practical, simple,
economical, time saving, and the results can be
rapidly obtained. A limitation of this design is that
a large number of subjects is needed.9 Gingival
crevicular fluid samples were used in the current
research as increased volumes of this fluid are
indicative of gingival inflammation. Gingival
crevicular fluid is usually obtained using paper
points that are inserted into the gingival sulcus to
determine Zn levels.6 Zn is a mineral contained in
the enzyme, ALP, present in gingival crevicular
fluid.10 Zn plays a role in epithelial cell
differentiation and growth,
and in the
epithelialization process. It is an important mineral
that influences growth, maturation, and the
immune system.11
Sample collection usually involves
obtaining plaque swabs, again using paper
points, from the buccal surface of the maxillary
posterior teeth. Bacteria from dental plaque is
known to start the infiltration of inflammatory cells
in the gingival crevicular fluid and an increase in
ALP concentration is observed 1-2 weeks without
oral hygiene practice.6,8 The posterior teeth tend
to accumulate a large amount of plaque because
they are harder to reach during cleaning.12 S.
mutans is most commonly found in supragingival
plaque.13 It has been shown in previous studies
that a greater number of S. mutans colonies are
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found in molars, compared to that found in the
anterior teeth.14 S. mutans obtained from
samples is cultured without differentiating
serotypes. TYS20B agar, containing 20%
sucrose concentration to kill other bacteria, is the
medium of choice used to culture it.15
The Zn levels are quantified by AAS.
Electromagnetic wave radiation absorption by
atoms is used with this method. The energy level
difference between the ground and excitation
states is specific to every element. Thus, the
absorbed light wavelength for every element is
also specific.16,17 AAS is used because this
method is quick, selective, sensitive, and has
high accuracy.17
The results from the correlation tests for
this research were analyzed to determine the
relationship between the Zn levels in the gingival
crevicular fluid and gingivitis, and gingival
crevicular fluid Zn levels and the growth of S.
mutans colonies in children. A positive, weak,
and insignificant relationship was also shown
between the Zn levels and Gingival Index (r =
0.130, p = 0.493) (Table 1). It was demonstrated
that higher Zn levels in the gingival crevicular
fluid corresponded with a higher the incidence of
gingivitis. This finding is similar to that of others
in the literature that reported an increase in
gingival crevicular fluid quantity and flow in
relation to the progression of plaque formation.8
The Zn levels in ALP also activate ALP. ALP is
an enzyme that has a role in bone formation
activity, which is produced by osteoblasts. It is
used as an indicator of periodontal disease
activity.11
Correlation tests to determine the
relationship between the Zn levels in gingival
crevicular fluid and the growth of S. mutans
colonies were performed. The relationship
between Zn levels and the growth of S. mutans
colonies in children was shown to be negative,
moderate, and insignificant (r = -0.410, p = 0.829).
Higher Zn levels in the gingival crevicular fluid
correlated with less S. mutants colonies. It is
known that gingival sulcus is a suitable
environment for the growth of complex microbial
flora and can cause periodontal disease. S.
mutans is a Gram-positive cocci bacteria that is
found in gingival sulcus. This organism may
produce enzymes, endotoxins, exotoxins, and
cell wall-specific antigens. ALP is an enzyme in
gingival crevicular fluid that contains Zn.8 Our
findings were similar to those of previous studies.
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Zn is known to inhibit S.mutans growth in pelicles
by inhibiting certain metabolic enzymes and
interfere the substrate transport and oxidation
process.18,19 Zn deficiency is also known to be
associated with increased susceptibility of
infections. Higher levels of zinc causes an
activation of various immune cells.19
A moderately strong, positive, and
significant relationship between the Gingival
Index and the growth of S. mutans colonies in
children was established (r = 0.389, p = 0.034).
Further research, using a population with a wider
age range and with more samples, is needed, in
addition to further exploration of the correlation
between gingivitis and the growth of S. mutans
colonies in children.
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Conclusion
14.

A weak and insignificant correlation was
established in the current study between Zn
levels in gingival crevicular fluid and gingivitis.
Higher Zn levels in gingival crevicular fluid
equated with a higher incidence of gingivitis in
children. A negative and moderate correlation,
that did not reach statistical significance, was
found between Zn levels and the growth of S.
mutans colonies in children. Accordingly, higher
Zn levels in gingival crevicular fluid corresponded
with reduced S. mutans colony growth in children.

15.

16.

17.

Declaration of Interest
18.

The authors report no conflict of interest.
References
1.

2.

3.

4.
5.

6.

Koch G, Poulsen S, Sjodin B, Mattson L. Paediatrict Dentistry:
A Clinical Approach. 2nd ed. Tunbridge Wells: Gray Publishing.
2009: 166-82.
Pari A, Ilango P, Subbareddy V, Katamreddy V, Parthasarthy
H. Gingival Diseases in Childhood – A Review. Journal of
Clinical and Diagnostic Research : JCDR. 2014;8(10):ZE01ZE04.
Grazyna Smiech-Slomkowska, Joanna Jablonska-Zrobek; The
effect of oral health education on dental plaque development
and the level of caries-related Streptococcus mutans and
Lactobacillus spp.. Eur J Orthod. 2007; 29 (2): 157-160.
Gurenlian J. The Role of Dental Plaque Biofilm in Oral Health.
J Dent Hygiene. 2007; 81(5): 1-11.
Gizani, S., Papaioannou, W., Haffajee, A. D., Kavvadia, K.,
Quirynen, M. and Papagiannoulis, L. Distribution of selected
cariogenic bacteria in five different intra-oral habitats in young
children. International Journal of Paediatric Dentistry. 2009:19:
193–200.
AlRowis, R., AlMoharib, H. S., AlMubarak, A., Bhaskardoss, J.,
Preethanath, R. S., & Anil, S. Oral fluid-based biomarkers in
periodontal disease - part 2. gingival crevicular fluid. Journal of
International Oral Health. 2014: 6(5), 126-135.

Volume ∙ 11 ∙ Number ∙ 1 ∙ 2018

19.

Zn level in gingival crevicular fluid
Shaffa Amalia, and et al

Qiao, W., Ellis, C., Steffen, J., Wu, C., & Eide, D. J. Zinc status
and vacuolar zinc transporters control alkaline phosphatase
accumulation and activity in Saccharomyces cerevisiae.
Molecular Microbiology. 2009;72(2):320-334.
Perozini, C, Chibebe, PA, Leao, MP, Queiroz, CS, & Pallos, D.
Gingival crevicular fluid biochemical markers in periodontal
disease: a cross-sectional study. Quintessence International.
2010;41(10):877-883.
Notoadmojo S. Metodologi penelitian kesehatan. Jakarta: PT.
Rineka Cipta. 2010: 24-64,121-5.
Newman, M.G., Takei, H.H., Carranza, F. A. Carranza’s
Clinical Periodontology. 12th Ed. W.B. Saunders Company.
2015: 1-11,14-38, 89-473, 552-4, 684-711, 792-826.
Lynch, RJM. Zinc in the Mouth, Its Interaction with Dental
Enamel and Possible Effects on Caries: A Review of the
Literature. Int Dent J. 2011; 61 (3): 46-54.
Misra V, Ahuja N, Gupta N, Raghav P. Effect of Two Different
Materials Used for Arch Wire Ligation on Microbial
Colonization. IJDS. 2012; 1(4): 28-30.
Kishi M, Abe A, Kishi K, Ohara-Nemuto Y, Kimura S,
Yonemitsu M. Relationship of Quantitative Salivary Levels of
Streptococcus mutans and S. sobrinus in Mothers to Caries
Status and Colonization of Mutans Streptococci in Plaque in
Their 2.5-yearold Children. Comm Dent Oral Epidemol. 2009;
37: 241-49.
Juliana CJ, Alessandra Bühler Borges, Daphne Câmara
Barcellos, Cinthya LP, Antonio Olavo CJ, Rocha GT.
Streptococcus mutans group and lactobacillus counts in
proximal amalgam and resin composite restorations: An in vivo
study. International Journal of Contemporary Dentistry.
2011;2(4).
Singh, S., Vishnoi, N., Dwivedi, D., Khare, M., & Singh, V.
Modified TSBB Culture Media Enhance Faster Growth of
Streptococci mutans as Compared to Existing Culture Media.
International Journal of Pharmaceutical Sciences and
Research. 2016:7(9), 3689-3694.
D., Shashikiran N., Subba Reddy V. V., Hiremath M. C.
Estimation of trace elements in sound and carious enamel of
primary and permanent teeth by atomic absorption
spectrophotometry: An in vitro study. Indian Journal Of Dental
Research. 2007;18(4): 157-162.
Skoog DA, West DM, Holler FJ Crouch SR. Fundamentals of
Analytical Chemistry. 9nd ed. California: Brooks/Cole
Thomson. 2014: 839-71.
Shashibhushan K, Basappa N, Subba Reddy V. Comparison
of antibacterial activity of three fluorides- and zinc-releasing
commercial glass ionomer cements on strains of mutans
streptococci: An in vitro study. J Indian Soc Pedod Prev Dent.
2008;26:S56-61.
Ong, CY, Gillen, CM, Barnett, TC, Walker, MJ, & McEwan,
AG. An antimicrobial role for zinc in innate immune defense
against group a streptococcus. Journal of Infectious Diseases.
2014:209(10);1500-1508.

Page 227

