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ABSTRACT

Background: The main oral health concerns and markers of the oral health burden globally
are dental caries and periodontal diseases. In the etiology and pathogenesis of various oral
disorders, including dental caries and periodontal diseases, oxidative stress has been
involved. The most commonly investigated markers of oxidative stress reactions include lipid
peroxidation, protein oxidation, and antioxidant status.

Aim: The aim of the study was to evaluate the interrelation between markers of salivary
oxidative stress on dental caries and periodontal disease among secondary school students in
Duhok City.

Material and methods: Across a sectional study performed on a randomized sample of 809
high school students (395 females and 414 males) aged 14-20 years from eight secondary
schools from 4 quarters of Duhok city from December 2018 to May 2019. Unstimulated
saliva was collected for the analysis of total antioxidant capacity (TAC) and
Malondialdehyde (MDA) followed by a clinical examination. Dental caries assessment was
performed using the Decayed, Missing, and Filled/Teeth (DMFT) index and periodontal
status were evaluated using the Gingival Index (GI) and the Plaque Index (PI). Subsequently
were divided into high caries > 5 and low caries group < 5 according to caries status;
furthermore, they were subdivided according to the periodontal status into students with
healthy/mild gingivitis and students with moderate/severe gingivitis.

Results: The study results showed that there was no significant difference between the mean
TAC levels in terms of decay status and periodontal disease in females (p=0.057), males
(p=0.110) and the whole sample (p=0.741). Concerning the MDA and the decayed status, the
mean MDA level was higher in those with DMFT of > 5 relative to those with DMFT <5 in
the entire sample and male patients. While the difference between females was not significant
between the two DMFT groups (p = 0.473). Significantly, higher MDA levels (p<0.01) were
found in males with moderate to severe gingivitis compared with those with mild gingivitis.
However, the difference among females was not significant (p = 0.890).

Conclusions: MDA levels were relatively higher among students of the high caries group
and periodontal disease, suggesting that oxidative stress is correlated with the process of
dental caries and periodontal disease.
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O ral health is an integral part of health burden worldwide are dental caries

overall health and has a significant and periodontal diseases'”. Oxidative
impact on the quality of life. The main oral stress arises as a state of disruption
health problems and measures of the oral between the development of free radicals
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and the antioxidant system's ability to
overcome their effects’. Oxidative stress
and Reactive Oxygen Species (ROS) have
a major role in the pathogenesis of many
diseases. ROS damage to DNA (4), lipids,
protein and enzymes contributes to the
damage of tissue™®. Oxidative stress has
been implicated in the etiology and
pathogenesis of dental caries and
periodontal diseases®"”. Several studies on
the role of saliva antioxidants have
recently reported that imbalances between
free radicals and saliva antioxidants may
play an important role in the initiation and
development of dental caries®''. Salivary
antioxidants consist of salivary uric acid,
salivary peroxidase, and various minor
enzymes. The integrated ability to counter
oxidative stress of these enzymes is often
called the total antioxidant capacity (TAC)
of saliva'’. Jurczak et al. reported that the
strong antioxidant defense resulted in the
inactivation of ROS, thereby making
cariogenic bacteria more vulnerable to
multiplication and differentiation.
Additionally, the saliva antioxidant
mechanism, such as reduced glutathione
(GSH), oxidized glutathione (GSSG), and
Total antioxidant capacity TAC (with the
exception of the host immune system cell
antioxidant protection systems), assists in
the degradation of resistance to the oral
cavity colonizing bacteria, ensuring their
enhanced vulnerability to various forms of
stress''.  Oxidative stress has been
associated with the development of
periodontal disease, induced by disruption
of host inflammatory regulation in
response to bacterial infection''*. The
overgrowth of bacteria causes periodontal
disease. When this occurs, free radicals are
mainly over-produced by overactive
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neutrophils. If antioxidants do not balance
these free radicals, they will cause tissue
damage'®. The prevalence of dental caries
and periodontal disease is remarkable'.
Generally, ninety seven percent of people
are affected by dental caries during their
lifetime. In total, 59% of children between
the ages of 12-19 would have at least one
recorded cavity”.

Likewise, periodontal diseases, consisting
of gingivitis and periodontitis, are highly
prevalent and can affect up to 90 % of the
worldwide population. Previous studies
have shown that the prevalence of
gingivitis is over 80.0% in children and
adolescents'®!".

To gain insight into the association
between dental caries, periodontal disease
and oxidative stress, we measured salivary
Malondialdehyde (MDA) and total
antioxidant capacity (TAC) and analyzed
its relation to both dental caries and
periodontal disease.

MATERIALS AND METHODS

The study has been carried on a sub
sample selected from a previous study
conducted on 809 randomly selected high
school students aged 14 to 20 years in
Duhok city, Kurdistan Region, Iraq, from
October 2018 to May 2019; Measuring the
prevalence of dental caries and periodontal
disease (Hamonari et al. 2020, accepted for
publication in JCRD).

Scientific and ethical approval for the
study was authorized by the Scientific
Committee  of the  College of
Dentistry/University of Duhok (approval
no. 690). Also, prior to visiting selected
schools, clearance from the Directorate-
General for Education in Duhok was
obtained by receiving a formal request
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from the College of Dentistry (approval
no. 18064), the school authorities were
contacted, and the study purpose was
clarified to them. The aim was outlined to
all students. In the presence of
headmasters, verbal informed consent was
obtained from all students. Participants
were informed that they would be able to
withdraw from the study at any time.

The clinical dental examination

The dental examination was performed by
one of the authors, who is a specialist
dentist under standardized conditions using
a disposable mouth mirror, calibrated
periodontal probes, masks, and gloves in
their schools on a regular classroom chair
using daylight.

The status of dental caries was recorded
using the index of decayed, missing, and
filled/teeth (DMFT). The analysis of dental
caries was carried out and reported
according to the criteria of the WHO'®,
The examination was implemented in a
systematic approach starting from the last
upper right molar proceeding in an orderly
manner from one tooth or tooth space till
the last lower right molar. Only extensive,
clinically visible carious surfaces were
reported, and this is consistent with the
WHO recommendation for the definition
of dental decay as "cavities with a softened
dentin floor." For this study, students have
been categorized into two groups; the high
caries group (HCG) comprised students
who had (DMFT >5), and the low caries
group (LCG) comprised students who had
(DMFT <5). Adolescents with at least five
decayed teeth needing restoration have
been classified as active caries according
to WHO criteria®'®.

The following indices have been reported
for assessing the periodontal status of the

studied participants: Plaque Index (PI) of
Silness and Loe', and Gingival Index (GI)
of Loe and Silness”. The examination
procedure includes evaluating four
surfaces (buccal, lingual/palatal, mesial,
and distal) of six index teeth'®30-38:4346,
The presence of dental plaque (PI) and
gingivitis (GI) was measured based on four
surfaces of the index teeth referred to in
order to determine the presence/absence of
symptoms of the indicated indices. The
sites were probed with an elaborated
periodontal probe, waiting 10 seconds to
confirm the presence or absence of
gingival bleeding, the existence of dental
plaque was evaluated if it was observed
with the naked eye or if there was an
excess of soft matter in the gingival pocket
and/or on the tooth and gingival margins
(score 2 and 3 respectively, according to
P)"” and regarded as present if the
characteristic sign was seen on at least one
site. Gingivitis was reported to be present
when at least one location showed
bleeding during examination (scores 2 and
3 according to GI)*.

Saliva sampling

Unstimulated whole-saliva samples were
collected between 9:00, and 10:00 am
prior to clinical examination. During a 10-
min duration of the restricted conversation,
the respondents were positioned correctly
and were guided to allow saliva to
accumulate in the bottom of the mouth and
drain it into a sterile saliva-collecting vial
and not to swallow any saliva for the
duration of the collection, keeping the
head inclined mildly forward.
Approximately 2 mL of unstimulated total
saliva obtained was centrifuged for 10
minutes at 3000 rpm to extract cell debris.

71



OXIDATIVE STRESS IN DENTAL CARIES AND PERIODONTAL DISEASE

The salivary samples were placed on ice,
stored at 4 ° C and moved within 20
minutes to the laboratory and held at 80 °C
until the analysis was carried out’".

Biochemical analysis of saliva:

Total Antioxidative Capacity (TAC)

TAC was assessed by the TAC kit
commercially available (Assay Kit Rel
Diagnostics, Turkey). Measurements were
done as instructed by the manufacturer.
The TAC assay had been based on radical
reduction measurements of 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulphonic acid;
ABTS). For salivary TAC measurements,
225 ul assay Reagent 1 (acetate buffer, pH
5.8) was combined with 5 pl saliva and
absorbance was measured at 420 nm after
30 s of incubation. 20 pl of reagent 2
(ABTS, 30 mM in acetate buffer, pH 3.6)
was subsequently added to each sample,
and absorption at 420 nm was measured
after 5 min of incubation. Before and after
the addition of Reagent 2, the TAC was
calculated on the basis of the 420 nm
absorbance variations. The test was
calibrated with trolox and the results were
presented in the form of mMtrolox per
literequivalent’.

Malondialdehyde (MDA)

MDA reacts with thiobarbituric acid
(TBA) to give a pink color. This was read
at 535nm’*.

A mixture of 0.375 g of thiobarbituric
acid, 15 g of trichloroacetic acid and 2.21
mL of 0.25 N HCI was used to formulate
MDA  reagents. To
ingredients, the sample solution has been

dissolve  the
warmed and kept at 4° C.

16.41 of the standard Malonaldehyde
solution was taken and made up to 100ml
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with distilled water. The sample of saliva
was mixed with the MDA reagent.

One mLof TCA-TBA-HCI reagent was
added to the diluted sample. The obtained
samples were placed for 15 minutes in a
boiling water bath. The reaction mixture
was cooled and centrifuged.

The supernatant was taken, and the optical
density of the pink color formulated was
read at 535 nm. The Malondialdehyde
concentration in the sample was calculated
by plotting the absorbance obtained
against the standard graph. The optical
density of the pink color formed was
directly proportional to the concentration
of Malondialdehyde in the given sample.
The optical densities of the test samples
were calculated by plotting against the
standard graph and multiplied by the
respective dilution factors, and the final
concentration was expressed as pM/100
mL.

STATISTICAL ANALYSIS

Statistical analyses were performed using
the Statistical Package for Social Sciences
(SPSS, wversion 22). The Chi-square
association test was used to compare the
proportions. The exact Fisher test was used
when the expected count of more than
20% of the cells in the table was less than
5. The student test of two independent
samples was used to compare two means.
The paired t-test was used to compare the
means of the same sample before and after
the intervention. The McNemar test was
used to compare the proportions of the
same sample, both before and after an
intervention. A p-value of < 0.05 was
considered to be statistically significant.
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RESULTS

The total sample size that had been studied
was 809. The mean age + SD was 16.87 +
1.16 years, which ranged between 14 and
20 years. The median was 17 years. Table

1 shows that the highest proportion

(61.7%) of the sample aged 16-17 years,
32.9% of the females were aged 18-20
years compared with 21.7% of the males
(p<0.001). The mean age of females (17.1
years) was significantly higher than in the
males (16.7 years) (p< 0.001).

Table 1. Distribution of demographic characteristics by age and gender

Female Male Total p-value
Age (years) No. % No. % No. %
14-15 12 3.0 78 18.8 90 11.1
16-17 253 64.1 246 59.4 499 61.7
18-20 130 32.9 90 21.7 220 27.2 <0.001
Mean (£SD)  17.1 (x1.1) 16.7 (#1.2) <0.001
Total 395 100.0 414 100.0 809 100.0

* p < 0.05 (Significant), ** By Chi-square test.

Table 2 shows that there was no significant
difference in the mean of the total
antioxidant levels regarding the decayed
status in females (p = 0.057), males (p =
0.110), and in the whole sample (p =
0.741). Concerning the MDA and the
decayed status, the mean MDA level was
higher in males with DMFT of > 5 (2.94

nmol/L) compared with 2.62 nmo/L

among those with DMFT of < 5 (p =
0.016) Considering the whole sample, the
mean value was also higher among those
with  DMFT of > 5 (2.58 nmol/L)
compared with 2.28nmol/L among those
with DMFT of < 5 (p< 0.001). While the
difference in females was not significant
between the two DMFT groups (p =
0.473).

Table 2. Total antioxidant capacity and Malondialdehyde by decay status and gender

Decay status

DMFT<5 DMFT =5

Mean (£SD) Mean (£SD) p-value*
Female
TAC(mmol/L) 1.33 (£0.67) 1.20  (£0.64) 0.057
MDA (nmol/L) 2.06 (£0.79) 2.00 (£0.78) 0.473
Male
TAC(mmol/L) 1.17 (£0.66) 1.28  (£0.68) 0.110
MDA (nmol/L) 2.62 (£1.23) 294  (£1.33) 0.016
Whole sample
TAC(mmol/L) 1.26 (£0.67) 1.25  (£0.67) 0.741
MDA (nmol/L) 2.28 (£1.02) 2.58 (x1.24) <0.001

* p <0.05 (Significant), **Unpaired t-test

Table 3 shows no significant difference
between patients with mild gingivitis and

patients with moderate or severe gingivitis
regarding the mean of the total antioxidant
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capacity among females only (p = 0.452),
among males only (p = 0.365), or in the
whole sample (p = 0.269). In contrast, the
of the
significantly (p< 0.001) higher among

means Malondialdehyde were

those with moderate or severe gingivitis
compared with those with mild gingivitis
males only or in the whole sample.
However, the difference was not

significant among females (p = 0.890).

Table 3. Total antioxidant capacity and Malondialdehyde by the severity of gingivitis and

gender

Severity of Gingivitis

Mild Moderate / Severe

Mean (£SD) Mean (£SD) p-value*
Female
TAC(mmOI/L) 1.25  (£0.66) 1.30  (£0.66) 0.452
MDA (nmol/L) 2.03  (+0.93) 2.04 (£0.65) 0.890
Male
TAC(mmOI/L) 1.20  (£0.71) 1.26  (£0.66) 0.365
MDA (nmol/L) 2.46  (x1.35) 3.02  (£1.23) <0.001
Whole sample
TAC(mmOI/L) 1.22  (£0.68) 1.28  (£0.66) 0.269
MDA (nmol/L) 223  (x1.16) 2,58  (£1.12) <0.001

* p <0.05 (Significant), **Unpaired t-test

DISCUSSION

In the current study, an attempt was done
to evaluate the salivary total antioxidant
capacity and Malondialdehyde levels in
secondary school students and to clarify its
relation with the severity of caries and
periodontal disease. The most noticeable
fact of the present study was the
appearance of high levels of the salivary
MDA in males with moderate to severe
gingivitis compared with those with mild
gingivitis?

Saliva has been used as a diagnostic tool; it
is well recognized as a biomarker source in
the diagnosis and  prognosis  of
diseases™**. Saliva may be a substitute for
blood as a non-invasive and safe route.
Saliva collection is relatively safe and
helps in the early detection of oral
dental caries and

Studies

diseases, such as

periodontal  diseases. have

74

demonstrated the potential importance of

saliva since there 1is a significant

association between salivary parameters
782324 Biomarkers of
identified at
measurable levels in saliva since they are
fluid. The

these

and oral diseases
oxidative stress may be
persistent in  this saliva
concentrations  of biomarkers

indicate  specific oxidation pathways
related to caries and periodontal disease.
Biomarkers including TAC and MDA to
identify free radicals have been shown to
be present in the saliva of children and
adolescents™. The antioxidant capacity of
saliva could be a key factor in determining
the outcome of the disease in the oral
cavity. Different pathological alterations
within the oral cavity could be attributed to
decreased saliva oxidant capacity”, which
may increase MDA production, MDA is

one of the major by-products of lipid
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peroxidation that is developed in saliva in
the host tissue cells, resulting in lower
immune response. Some antioxidant
mechanisms in oral fluids and cells disturb
ROS production and free radicals to
prevent oral disease’.

This study showed no significant
difference in TAC levels between
DMFT>5 and DMFT<S5 groups. A study
by Ahmadi-Motamayel et al’, also
supported this observation. Salivary and
serum TAC levels in 15-19-year-old
students with active caries and caries-free
groups did not show statistically
significant differences. Whereas other
studies have shown that saliva TAC was
significantly lower in students with dental
caries relative to those without dental
caries among students of the same age
group®’, while other studies have found
significantly greater levels of TAC in
caries-active adolescents than caries-free
controls”*>. In certain studies, antioxidant
components in saliva were associated with
dental caries. However, no significant
relationship was reported. Perhaps the
TAC of the saliva sample is more relevant
in relation to dental caries than any single
component which is a part of the salivary
TAC as implied in these studies™.
According to the presented findings, TAC
of saliva linked to dental caries was not
influenced by the gender of the students,
the same results observed by other
studies®™’.

The reason for the controversy seen in
various studies could be attributed to
different methods of calculating TAC
level, sample size, research population, the
methodology of selection of cases, or
rather high levels of oxidative stress.

The results of this study confirm a higher
level of MDA in the caries-active group
relative to the caries-free group, which is
similar to the results of other studies®>®?’,
In the current study, MDA level was
significantly higher among males than
females, on the contrary, another study has
revealed elevated levels of MDA in
females than males®.

The high challenge of oxidative stress
associated with a decreased antioxidant
capacity could play an essential part in
periodontal pathogenesis'*.

It is important to note that MDA levels
were significantly higher among those
with moderate/ severe gingivitis than those
with mild gingivitis. This is consistent
with other studies that have reported
higher MDA levels in periodontal disease
that have increased with worsening

14,28 Furthermore,

periodontal  status
Tothova et al. found that in periodontal
disease, salivary levels of lipid
peroxidation products, protein oxidation
markers, and DNA damage markers were
higher*. That confirms increased radical
activity of oxygen during periodontal
inflammation, MDA synthesis could be
due to a decrease in antioxidants destroyed
in periodontal tissues'*. Local and
systemic prescriptions of antioxidants may
be beneficial in reducing oxidative stress
levels in periodontal diseases and may
have potential benefits for patients' overall
health.

Limitations

The limitations of the present study were
that antioxidant and oxidative stress were
not assessed on the basis of disease
severity and therapy. Research on the
assessment of MDA levels in terms of

disease severity and therapy might be
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effective in the early diagnosis and
prevention of periodontal disease.

In future studies, the contribution of other
variables such as age, diet, genetics,

smoking, physical activity, obesity,
hormones, and stress must be addressed.

More longitudinal research should also be
conducted out in the future to find out the
actual impact of dental caries and
periodontal disease on TAC and MDA

levels.

CONCLUSION

The current study found no significant
differences in salivary TAC in participants
with dental caries and periodontal disease
healthy
oxidative stress marker was significantly

compared to controls. The
higher in the caries group than in the
healthy control group, and elevated MDA
levels were also observed in periodontal
patients,  suggesting that increased
oxidative stress may be associated with

dental caries and periodontal disease.
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