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Abstract: Objectives: The aim of this study was to compare the values of total antioxidant capacity
(TAC), catalase (CAT) and glutathione peroxidase (GPX) in the saliva of children and young teenagers
with and without gingivitis. Materials and Methods: A total of 120 children and young teenagers
of the mean age of 12.2 participated in the research. Gingival condition was assessed using the
Löe and Silness Gingival Index. The subjects were divided into groups of those without gingivitis
and those with gingivitis. Samples of unstimulated saliva were collected, and TAC, CAT and GPX
were determined spectrophotometrically. Results: By comparing the values of TAC, CAT and GPX
in subjects with and without gingivitis, significantly lower values of TAC (p < 0.001) and CAT
(p < 0.001) were observed in the group of subjects with gingivitis. The correlation analysis of these
values showed a positive correlation in groups of subjects not suffering from gingival inflammation
and those with gingival inflammation. Conclusions: The study showed significantly lower values
of TAC and CAT in the saliva of subjects with gingivitis. This indicates their possible role as a
potential biomarker in the early diagnosis and expression of periodontal disease in children and
young teenagers.

Keywords: children; teenagers; gingivitis; saliva; total antioxidant capacity; catalase; glutathione
peroxidase

1. Introduction

Free radicals and oxidative stress play a significant role in the etiopathogenesis of
many diseases, such as inflammatory, allergic, metabolic, malignant diseases, and even
in a physiological process such as aging [1–4]. As protection against the possible harmful
effects of free radicals, a specific defense system, known as the antioxidant system, has been
established in the body [5]. The activity of the antioxidant system depends on the type of
the caused oxidative stress and the nature of the affected organ [6,7].

With its antioxidant system, saliva plays a significant role in defending oral tissues
from the harmful effects of free radicals [8,9]. Oxidative stress occurs when there is an
existing imbalance between the production of free radicals and the ability of salivary
antioxidants to neutralize them. This can be the biochemical basis for the development of
oral diseases, most often the ones affecting the periodontium [10,11]. Therefore, the values
of prooxidative parameters or antioxidant conditions of the environment in which the
process occurs might serve as important biomarkers for the early identification of potential
tissue damage [8,12,13].
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Saliva protects oral tissues from the harmful effects of free radicals with numerous
antioxidants present in its composition, including catalase (CAT) and glutathione peroxi-
dase (GPX) [14–16]. Catalase is an enzymatic antioxidant active in the detoxication of oral
tissues from hydrogen peroxide, which significantly increases the antioxidant capacity of
saliva [17,18]. Increased CAT activity in the saliva has been proven in all inflammatory
processes in the oral cavity [19]. A sudden and short-term increase in the CAT activity in the
saliva has also been observed in some physiological conditions with an increased metabolic
activity, owing to physical activity [20]. As intense oxidative stress primarily leads to
CAT elevation; CAT can be considered an early marker of disease onset [21]. Glutathione
tripeptide is required for GPX activity, enabling the neutralization of hydrogen peroxide,
lipid peroxide and other peroxides [22]. Glutathione peroxidase shares the substrate with
CAT, and it is also designated to be the main protector against oxidative stress at low
concentrations of free radicals [23]. Regardless of the importance of analyzing the presence
of individual salivary antioxidants, the determination of the total antioxidant capacity of
saliva (TAC), as the degree of its total antioxidant ability, is the more informative parameter
of this protective property of saliva [24,25]. However, it should be considered that the
salivary antioxidant system cannot be seen as a simple sum of the activities of different
antioxidant substances, but as a dynamic, complex system of interdependent individual
antioxidant enzymes [26].

With the growing interest in the role of oxidative stress in the etiopathogenesis of oral
diseases, especially periodontal disease, importance is given to its possible predictive value
in the diagnosis of periodontal disease risk [12,27,28]. However, there is very little knowl-
edge on this topic in the child and young adolescent population. Therefore, the primary
aim of this study was to examine the antioxidant activity of saliva by determining the TAC
value and activity of antioxidant enzymes—CAT and GPX in children and young teenagers
without and with gingivitis. The secondary aim was to determine the correlation between
these parameters in these two groups.

2. Materials and Methods

The research participants were children and young teenagers from an elementary
school in Niš, Serbia. All of them were patients of the school’s dental practice, organiza-
tional unit of the Service for Preventive and Pediatric Dentistry, Clinic for Dental Medicine,
Faculty of Medicine, University of Niš. Written consent for conducting the research was
obtained from the school authorities and parents, with the consent of the children and
young teenagers, after being informed about the goals of the research. The research was
approved by the Ethics Committee, Faculty of Medicine, University of Niš (No: 01-1829,
26 March 2008), and it was in compliance with the principles of the Helsinki Declaration.

The basic conditions for including subjects in the research were: recently completed
permanent dentition, absence of active carious lesions (in case of presence, dental fillings
had to be older than a month), and absence of acute and chronic general diseases. Whether
the child meets these criteria was verified in the dental records and from the questionnaires
on the child’s health condition, completed by the parents.

The examination of the gingival condition and saliva sampling were performed in
the school’s dental office. The analysis of samples was performed at the Institute of
Biochemistry of the Faculty of Medicine, University of Niš, Serbia.

The Löe and Silness Gingival Index was used to assess the condition of the gingiva [29].
The assessment was performed by two researchers, a specialist and a doctor specializing
in Preventive and Pediatric Dentistry. Although both examiners were experienced in this
kind of examination, they were additionally provided with detailed oral instructions before
the beginning of the study. In the case of a dilemma, consensus decision was made.

According to the mentioned index, the clinical examination of the gingiva included
the assessment of the condition of the gingiva by inspection, palpation and probing on
all four sides of each tooth present. The color, size, consistency, and existence of sponta-
neous bleeding of the gingiva and swelling were determined by inspection and palpation.



Medicina 2021, 57, 569 3 of 9

The presence or absence of gingival bleeding on provocation were determined with a probe
with a rounded tip (Goldman-Fox, Hu-Friedy, Mfg Co., Inc., Chicago, IL, USA) that was
placed parallel to the longitudinal axis of the tooth, and the force used for probing was
equal to the weight of the probe.

The numerical expression of the gingival condition was performed by scoring a
healthy, pale-pink, firm and fine-grained gingival surface with 0. Mildly inflamed gingiva
was scored with 1, which signified a slight change in color, and little change in texture.
Moderately inflamed gingiva was scored with 2, which signified moderate glazing, redness,
oedema, gingival enlargement and bleeding on pressure. Highly inflamed gingiva with
prominent redness and gingival enlargement, as well as a tendency towards spontaneous
bleeding was scored with 3 [29]. To obtain the total gingival index for each participant,
the obtained sum of the scores of the gingival condition from all four tooth sides of all teeth
was divided by 4, and this value was further divided by the number of teeth present in the
oral cavity.

Participants with gingival inflammation (gingival index 0.1 to 3.0) formed a study
group based on the total gingival index for each person. Participants without signs of
gingival inflammation (gingival index 0) formed a control group.

Unstimulated saliva was collected for 5 to 10 min in sterile laboratory bottles. All the
saliva samples were taken between 8 and 9 a.m., before breakfast and brushing teeth, in or-
der to avoid qualitative and quantitative differences in the saliva composition. The samples
were stored on 2 ◦C and transported within 1 h to the Institute of Biochemistry of the
Faculty of Medicine, University of Niš, for further analysis. They were centrifugated on
10,000 rpm on 4 ◦C for 10 min. Supernatants were separated and stored on −82 ◦C.

The method according to Koracevic et al. was used for determining the TAC of
saliva [30]. It is based on the reaction between the standard solution of the Fe-EDTA
complex and hydrogen peroxide, forming an OH radical in the Fenton reaction. The OH
radical further degrades benzoate to form TBARS. Antioxidants present in human fluids,
including saliva, suppress the production of TBARS, resulting in a color reduction that is
measured spectrophotometrically, and defined as antioxidant activity, expressed in µmol/L.

CAT activity was measured using the previously described spectrophotometric met-
hod [31], based on the ability of hydrogen peroxide to form stable, colored complexes with
molybdenum salts. The reaction was started by the addition of ammonium molybdate,
and the intensity of the resulting yellow color was measured according to the control
sample [31].

GPX activity was determined spectrophotometrically using the previously described
methodology [32]. The principle of the determination of GPX activity was based on the
oxidation of glutathione in the presence of tetra butyl hydroperoxide. The color reaction
occurs in the reaction of the SH group and DTNB, with the formation of thionitrophenol
anion [32].

Statistical data processing was conducted using software package SPSS 14.0. The ex-
amined parameters were continuous variables represented by mean values and standard
deviations. The Chi-squared test was used for categorical data. Testing the normality of
the distribution of continuous parameters was performed using the Shapiro–Wilk test.
The comparison of the values of the parameters between the two groups for normal distri-
bution was performed with Student t test, and for distributions that deviate from normal
ones, the Mann–Whitney test was performed.

Spearman’s correlation rank test was used to determine the correlation of the examined
parameters. Values of p < 0.05 indicate a statistically significant difference.

Post hoc power analysis was performed. The estimated power study for the group
with and without gingival inflammation was above 95%, based on the values of TAC.
The power study analysis was performed using G∗power version 3.1.9.2 (Franz Faul,
Universitat Kiel, Germany).
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3. Results
3.1. Sample Characteristics

A total of 120 subjects, with a mean age of 12.2 and equal gender representation,
were included in the research. Subjects with and without gingivitis did not differ in gender
structure or in terms of mean age (Table 1).

Table 1. Gender and age structure of study participants with and without gingivitis.

Study Subjects N Females Males Age

Without gingivitis 30 16 (53.33%) 14 (46.77%) 12.32 ± 3.28
With gingivitis 90 47 (52.22%) 43 (47.78%) 11.92 ± 2.92

The control group consisted of subjects without gingivitis, with a gingival index of 0.
In the group of subjects with gingivitis, the mean value of the gingival index was 1.42 ± 0.97
(Table 2).

Table 2. The value of the gingival index in subjects with and without gingivitis.

Study Subjects N Gingival Index

Without gingivitis 30 0
With gingivitis 90 1.42 ± 0.97

Data are given as the mean value ± standard deviation.

3.2. Descriptive Analysis of TAC of Saliva and Antioxidant Enzymes—CAT and GPX

Comparing the values of TAC and the antioxidant enzymes of saliva—CAT and GPX
in subjects with and without gingivitis— the Mann–Whitney test showed statistically
significantly higher values of TAC (p < 0.001) and CAT activity (p < 0.001) in the group of
subjects without gingivitis, when compared to the study group with gingivitis (Table 3).

Table 3. Values of total antioxidant capacity of saliva (TAC) and antioxidant enzymes catalase (CAT)
and glutathione peroxidase (GPX) in the saliva of subjects with and without gingivitis.

Parameter Without Gingivitis With Gingivitis

TAC (µmol/L) 2.84 ± 0.03 *** 2.71 ± 0.18
CAT (U/L) 214.73 ± 31.62 *** 147.69 ± 54.05
GPX (U/L) 1.20 ± 0.23 1.21 ± 0.25

Data are given as the mean value ± standard deviation. *** p < 0.001 (Mann–Whitney test).

3.3. Correlation Analysis

The results of determining the interrelationships between TAC of the saliva and
antioxidant enzymes CAT and GPX are shown in Tables 4 and 5 and Figure 1.

Table 4. Correlation of salivary total antioxidant capacity of saliva (TAC) and antioxidant enzymes
catalase (CAT) and glutathione peroxidase (GPX) in the total study population.

$ GPX TAC

CAT 0.367 ** 0.464 **
GPX 0.309 **

$—Spearman’s rank correlation coefficient. ** p < 0.01.
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Table 5. Correlation of salivary total antioxidant capacity of saliva (TAC) and antioxidant enzymes—
catalase (CAT) and glutathione peroxidase (GPX) in the group of subjects with and without gingivitis
(Spearman’s rank correlation coefficient).

Without Gingivitis With Gingivitis

P GPX TAC GPX TAC

CAT 0.430 * 0.109 0.442 ** 0.383 **
GPX 0.297 0.349 **

$—Spearman’s rank correlation coefficient. * p < 0.05; ** p < 0.01.
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Figure 1. Scatter plot and regression line of GPX and CAT activities in the group of subjects with gingivitis.

The correlation analysis of TAC and antioxidant enzymes in the entire population
of subjects showed that there is a statistically significant positive correlation between all
parameters, as demonstrated in Table 4.

The correlation analysis of TAC and antioxidant enzymes of saliva in groups of subjects
with and without gingivitis is shown in Table 5. In the group of subjects without gingivitis,
there is a statistically significant positive correlation only between CAT and GPX activities.
In the group of subjects with gingivitis, there is a significant positive correlation between
all antioxidant parameters.

The scatter plot and linear regression of GPX and CAT activity in the group of subjects
with gingivitis are presented in Figure 1.

4. Discussion

This study showed lower values of salivary TAC and the activity of antioxidant
enzyme CAT in children and young teenagers with gingivitis, while the GPX was not
significantly different. Additionally, there was a strong correlation between all analyzed
parameters in group of subjects with gingivitis.

Numerous studies on adult patients have proven the relationship between periodonti-
tis and gingivitis and compromised local TAC [26]. However, studies investigating TAC in
relation to periodontal disease in children are scarce [33,34]. They mainly refer to children
with existing general disease, most often diabetes and leukemia, which can significantly
affect the health of the periodontium and other oral tissues, just as the medications used in
the treatment of these diseases, resulting in changes in the saliva composition and TAC
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values [35–38]. In addition to there being a small number of studies, their findings are often
contradictory, which can be explained by different ways of saliva sampling and storage,
different methodologies used in the studies, as well as the method of periodontal disease
categorization [26]. With the increasing age of patients and progression of the disease,
diagnosis and disease categorization are much easier [39].

In this study, the relationship between salivary TAC and gingival inflammation in
children was examined using the Löe–Silness gingival index [29]. Previously, Tóthová et al.
examined the TAC value of unstimulated saliva in children using the oral hygiene index
(OHI) and papillary bleeding index (PBI), observing a significant correlation between
these parameters and TAC values, similar to our study [34]. Aral et al. did not show the
change of TAC of the unstimulated saliva in children with gingivitis [33]. This group of
authors obtained similar results by analyzing the TAC values in gingival fluid and serum
of children with and without gingivitis [33].

Most studies on adults showed reduced TAC values in subjects with periodontal
disease, when compared to healthy control groups, in both stimulated [24,26,40–42] and
unstimulated saliva samples [26,43]. It was also proven that the TAC value of the stimulated
saliva is 40 to 50% higher in healthy subjects, compared with subjects with a periodontal
disease [43]. However, there are studies with contradictory results, showing no statistically
significant decreases in TAC values in subjects with periodontitis, in stimulated [44–46] as
well as in unstimulated saliva samples [45], or even reporting an increase in salivary TAC
values in patients with periodontitis [47].

Current research in the field of risk assessment and monitoring of periodontal disease
recognizes saliva as an important biological material for the early detection of specific
markers of oxidative stress [26,48]. Considering the simple and non-invasive sampling
method, it is especially suitable for use in children and also in a young adolescent group,
characterized by higher susceptibility to gingival inflammation due to high hormonal activ-
ity in these age [49]. In this study, unstimulated saliva was used, because an unstimulated
saliva flow is considered to be the main and basic intraoral condition, thus providing a
more realistic presentation of the salivary antioxidant capacity values than stimulated
saliva [43]. The influence of exogenous antioxidants introduced by food on the TAC value
is mentioned as a possible disadvantage of unstimulated saliva [37]. This possibility was
avoided here by taking saliva samples before breakfast and brushing teeth.

Studies examining the association of antioxidant enzymes CAT and GPX with pe-
riodontal disease are scarce [18,41,50–52], and to our knowledge, this is the first study
examining these parameters in children and young teenagers with gingivitis. The exam-
ination of CAT in the saliva of our subjects showed a significantly lower mean value in
the group of subjects with gingivitis, which indicates impaired antioxidant protection of
the inflamed gingiva. Similar observations are noted in adult patients. Trivedi et al. [50]
have shown a significant decrease in the CAT activity in the saliva of adult patients with
periodontitis, interpreting reduced values by CAT consumption during oxidative stress.
Canakci et al. and Miricescu et al. examined the GPX values in patients with chronic
periodontitis, interpreting significantly lower values as an impaired antioxidant protec-
tion [41,51]. On the other hand, Tsai et al. did not observe a significant difference in the
GPX values in healthy patients and those with periodontitis, similar to our study [52].

The correlation analysis of salivary TAC and antioxidant enzymes—CAT and GPX—
showed a positive correlation in the total population of subjects, as well as in groups
of subjects without gingival inflammation and with gingival inflammation, indicating a
significant share of CAT and GPX in salivary TAC. In the mentioned groups of subjects,
a significant positive correlation was found between CAT and GPX, which speaks of
the synchronicity of their activity in relation to the same substrate, confirmed in other
studies [18]. Activity of enzymatic antioxidants may differ during periodontitis, and that
difference may result from the initial mobilization of antioxidant reserves, which leads to
an increase in the activity of antioxidant enzymes [18].



Medicina 2021, 57, 569 7 of 9

5. Conclusions

A significant change in these antioxidant parameters in saliva in gingivitis, which can
be considered as the earliest phase of periodontal disease, indicates the possibility of their
further consideration as important biomarkers for the early detection of oxidative stress,
indicating a need for further research in this direction.
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