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Abstract
Background. Oxidative stress has been identified as a predisposing factor for dental caries. Saliva, as a rich 
source of antioxidants, plays an essential role in the protection against dental caries. Salivary enzymatic 
antioxidants include superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx).

Objectives. The aim of this study was to evaluate the correlation of salivary enzymatic antioxidant activity 
with different levels of dental caries in children. 

Material and methods. In this cross-sectional study, 90 healthy children aged 7–12 years (36 girls, 
54 boys) were investigated. Demographic information was gathered and dental examinations were pro-
vided for all participants. Then, unstimulated whole saliva samples were collected in the morning. The 
salivary SOD, CAT and GPx activity was measured spectrophotometrically. For statistical analysis, Spear-
man’s correlation test, the Mann–Whitney U test and the Kruskal–Wallis test were used with the SPSS for 
Windows software, v. 16.

Results. Our results showed no significant correlation between SOD, CAT and GPx and the decayed, miss-
ing, filled teeth index for permanent/primary dentition (DMFT/dmft). The CAT activity was elevated in pro-
portion to the number of decayed teeth. The SOD activity showed a positive correlation with the frequency 
of tooth brushing. The activity of SOD, CAT and GPx was higher in boys than in girls. An inverse relationship 
between enzymatic antioxidant activity and age was also observed.

Conclusions. Although enzymatic antioxidants had no positive correlation with DMFT/dmft, they were posi-
tively correlated with the number of decayed teeth and the improvement of oral hygiene.
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Introduction
Dental caries is a dynamic and continuous process. It 

involves repeated cycles of demineralization by the acidic 
metabolites produced through the fermentation process 
of dietary carbohydrates of microbial origin, followed by 
remineralization by salivary components. Bacterial infec-
tion is one of the main etiologic factors for dental caries. 
The substrate and the host are also crucial factors for 
the initiation of the caries process. Clinical studies have 
shown that saliva, as a host factor, plays an essential role in 
the progression or regression of oral diseases, and in some 
cases, it regulates them. It is well established that the sali-
vary protective mechanisms control the process of dental 
caries to a great extent.1 Saliva is a heterogeneous liquid 
and a multifunctional natural defense system. It is a rich 
source of antioxidants, which play an important role the 
protection against bacteria, viruses and fungi, also with 
regard to the mucosa and tooth surfaces.2,3 

Several studies have been done to identify the com-
ponents of  the natural defense system for the teeth and 
the oral mucosa.4–6 Oxidative stress occurs as a  result 
of an  imbalance between reactive oxygen species (ROS) 
and the antioxidant system. It has been identified as one 
of the essential predisposing factors for many oral inflam-
matory conditions.6,7 Oxidative stress directly affects the 
underlying mechanisms which induce the intracellular 
signals leading to the growth and differentiation of cario-
genic bacteria.8 Recent studies provided documentation 
indicating the elevation of oxidative damage biomarkers 
in the saliva of patients with periodontal diseases and den-
tal caries,2 but it is not yet known whether the elevation 
of  these biomarkers is due to the increased production 
of  ROS or antioxidant deficiency. Interventional studies 
on humans and animal models showed the beneficial ef-
fect of  supplementation with antioxidants to prevent or 
reduce the progression of periodontitis.3,5,9 

The salivary antioxidant system contains both enzy-
matic and non-enzymatic antioxidants. The enzymatic 
antioxidant defense system includes superoxide dis-
mutase (SOD), catalase (CAT) and glutathione peroxi-
dase (GPx).10 Enzymatic antioxidants make up the first 
line of antioxidant defense. They inhibit the release of pri-
mary free radicals and other following chemical chain re-
actions.10 

Superoxide dismutase is an  antioxidant enzyme that 
catalyzes 2 superoxide anion molecules to hydrogen per-
oxide (H2O2) and oxygen (O2) molecules.10 This enzyme 
is essential for cellular health and body protection against 
free radicals. The SOD levels decrease with age. A daily 
intake of SOD supplements has been shown to improve 
the immune system potential and reduce the chances 
of disease.10 

Glutathione peroxidase is another enzymatic anti-
oxidant that plays an essential role in neutralizing H2O2 

produced through the SOD dismutation process.11 

It  is  mainly found in mitochondria, and sometimes in 
cytosol. Glutathione peroxidase breaks down H2O2 into 
water as well as lipid peroxides into their relevant alcohols.12 
It also plays an important role in the prevention of cancer 
and cardiovascular diseases.10 

Catalase is a ubiquitous antioxidant enzyme, found in 
almost all living organisms using oxygen. It has a second-
ary role in defense against peroxidative agents.13 This en-
zyme catalyzes H2O2 produced through the dismutation 
process to water and O2 molecules, thus completing the 
detoxification process after SOD. Patients with CAT de-
ficiency (acatalasemia) are more likely to develop type 2 
diabetes mellitus.10 

It has been shown that imbalances in the SOD, CAT and 
GPx ratios can lead to disease.13–15 Hendi  et  al. showed 
decreased SOD activity and increased CAT and GPx ac-
tivity in children with dental caries as compared to those 
without caries.4 It has been suggested in recent years that 
salivary oxidative stress markers could be used to screen 
and control oral diseases, including dental caries.3 The 
evaluation of  these salivary markers could help identify 
patients who are reluctant to undergo regular dental exa-
minations or are at high risk for dental caries; addition-
ally, these markers offer useful information concerning 
the development of  new preventive and treatment mo-
dalities.3,5,6 Also, the availability and non-invasiveness 
of these techniques are good reason to use saliva as a dia-
gnostic biological fluid to evaluate diseases.2 Previous 
studies showed that the antioxidant status of  saliva, es-
pecially in children, may reflect the risk for dental caries.16 
Considering the relationship between antioxidants and 
the caries process, and the feasibility of  the analysis 
of  sali vary enzymatic antioxidants, this study aimed to 
evaluate salivary enzymatic antioxidant levels in children 
with caries.

Material and methods

Patient selection 

This cross-sectional study was carried out in 2019 in 
Sanandaj, Iran. Clinical unstimulated salivary samples 
were collected from 90 healthy children aged 7–12 years. 
This age group has more experience of dental caries.17 The 
sample size was determined based on previous studies.2,6 
Children whose parents received a complete explanation 
about the aims and methods of the study, and then signed 
written consent were included in the study. The inclusion 
criteria of this study were similar to those previously re-
ported by others.2,7 Children who had a history of a sys-
temic or local disease affecting salivary secretion and/or 
received antifungal agents, antihistamines, corticosteroids, 
nonsteroidal anti-inflammatory drugs (NSAIDs), anti-
microbial mouthwashes, or other long-term medications 
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or supplements for at least 1 month before the study were 
excluded. Demographic information was gathered and 
dental examinations were provided for all participants. 
The dental caries index was determined according to the 
World Health Organization (WHO) criteria using a dental 
mirror and an explorer 24 h before sampling.

This study was approved by the ethics committee 
of Kurdistan University of Medical Sciences in Sanandaj, 
Iran, under IR.MUK.REC.1397/230.

Collection of saliva 

Unstimulated salivary samples were collected between 
9 a.m. and 12 a.m., at least 2 h after the last episode of eat-
ing or drinking to reduce any variability resulting from 
the effect of the circadian rhythm or possible stimulation. 
Generally, unstimulated saliva contains basal and normal 
components of  saliva that is secreted into the oral cavi-
ty during the day. The children were asked to rinse their 
mouths with distilled water to remove any food debris 
before the salivary samples were collected. They were 
also asked to sit quietly on a chair and bend their head 
slightly downward without any masticating movement to 
allow saliva to flow from the lower lip into sterile tubes 
passively. This draining protocol is more reliable and re-
quires no stimulation.18 Finally, 5  mL of  saliva was col-
lected in appropriately numbered tubes by means of the 
abovementioned method. The tubes were then tightly 
sealed to prevent contamination or evaporation, placed 
on an ice pack and sent to the laboratory within an hour. 
The salivary samples were centrifuged at 4,000 rpm for 
4 min at 4°C. The supernatants were divided in 2 aliquots, 
and then stored at −80°C until final analysis.

Measurement of enzymatic antioxidant 
activity 

Superoxide dismutase activity 

The SOD activity of  the separated salivary samples 
was measured using an  appropriate assay kit (CAT 
No. ZB-SOD-96A; ZellBio GmbH, Lonsee, Germany). In 
brief, in this method, H2O2 produced during the enzymatic 
reaction combines with the chromogen component of the 
kit to provide a complex. Its optical density (OD) was mea-
sured in the samples and blank at 420 nm within 0- and 
2-minute time intervals with a microplate reader (Synergy 
HTX; BioTek Instruments Inc., Winooski, USA). Finally, 
the SOD activity in the subjects’ salivary samples was re-
ported in U/mL as mean (M) ± standard deviation (SD).

Catalase activity 

The CAT activity of  the separated salivary sam-
ples was measured using an  appropriate assay kit 

(CAT  No.  ZB-CAT-96A; ZellBio GmbH). In brief, in 
this method, a two-step reaction is used to measure the 
enzymatic activity. In the 1st step, the patients’ and blank 
samples were incubated with a certain amount of H2O2 
for 1 min. In this reaction, H2O2 dissociates into water 
and O2. The rate of H2O2 dissociation was proportional 
to the CAT concentration in the samples. In the 2nd step, 
the residual H2O2 reacts with the existing chromogen 
to form a  complex. Its OD was measured in the sam-
ples and blank at 405 nm after 1 min with a microplate 
reader (Synergy HTX; BioTek Instruments Inc.). Finally, 
the CAT activity in the subjects’ salivary samples was re-
ported in U/mL as M ±SD.

Glutathione peroxidase activity 

The GPx activity of  the separated salivary samples 
was measured using an  appropriate assay kit (CAT 
No.  ZB-GPX-96A; ZellBio GmbH). In brief, in this 
method, a  two-step reaction was used to measure the 
enzymatic activity. In the 1st step, the samples, con-
trol and blank were incubated with a  certain amount 
of glutathione (GSH) for 5 min. In this reaction, GSH 
is oxidized to glutathione disulfide (GSSG) through the 
activity of GPx of the samples and control. The amount 
of  the consumed GSH was proportional to the GPx 
concentration in the samples. In the 2nd step, the re-
sidual GSH reacts with the existing chromogen in the 
kit (Pierce Ellman’s Reagent (DTNB); Thermo Fisher 
Scientific, Waltham, USA) to form a yellow complex. Its 
OD was measured at 412 nm after 1 min with a micro-
plate reader (Synergy HTX; BioTek Instruments  Inc.). 
Finally, the GPx activity in the salivary samples was re-
ported in U/mL as M ±SD.

Statistical analysis 

Data was expressed as M ±SD. Statistical analysis was 
performed using the SPSS for Windows software, v. 16.0 
(SPSS Inc., Chicago, USA). For statistical analysis, Spear-
man’s correlation test, the Mann–Whitney U test and the 
Kruskal–Wallis test were used with the software. Statisti-
cal significance was set at p < 0.05.

Results
In this cross-sectional study, 90 children aged 7–12 years 

participated. Thirty-six (40%) of  them were girls and 
54 (60%) were boys. Since the children had mixed dentition, 
the average caries index was calculated based on the sum 
of the decayed, missing, filled teeth in permanent/primary 
dentition (DMFT/dmft). This index was 7.17 ±3.56 in our 
study. No significant correlation was established between 
the SOD, CAT and GPx activity and DMFT/dmft (p > 0.05) 
(Fig. 1A,1C,1E).
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The CAT activity showed a  positive correlation with 
the total number of  decayed teeth (r  =  0.24; p  =  0.02) 
(Fig. 1D), but the SOD and GPx activity showed no cor-
relation (r = 0.04; p = 0.60 and r = −0.07; p = 0.50, respec-
tively) (Fig. 1B,1F).

Spearman’s correlation test showed a positive correla-
tion between the SOD activity and the frequency of tooth 
brushing; the positive direction of  the relationship indi-
cates that the SOD activity increases with increased tooth 
brushing frequency (p = 0.03) (Fig. 2A). The CAT and GPx 

activity was not correlated with the frequency of  tooth 
brushing (p  >  0.05) (Fig.  2B,2C).The Mann–Whitney 
U  test showed no significant differences in the activity 
of  enzymatic antioxidants between genders (p  >  0.05). 
The test showed higher values of the SOD, CAT and GPx 
activity in boys in comparison with girls, but the differ-
ences were statistically nonsignificant (Table 1). As shown 
in Fig. 3A–C, there was an inverse relationship between 
the SOD (r = −0.04; p < 0.001), CAT (r = −0.07; p < 0.001) 
and GPx (r = −0.08, p < 0.001) activity and age.

Fig. 1. Associations between salivary enzymatic antioxidants and the decayed, missing, filled teeth in permanent/primary dentition index (DMFT/dmft) 
as well as the decayed teeth

A – SOD activity and DMFT/dmft; B – SOD activity and the decayed teeth; C – CAT activity and DMFT/dmft; D – CAT activity and the decayed teeth;  
E – GPx activity and DMFT/dmft; F – GPx activity and the decayed teeth.  
SOD – superoxide dismutase; CAT – catalase; GPx – glutathione peroxidase; * statistical significance (p < 0.05; Spearman’s correlation test).
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Table 1. Comparison of the activity of the salivary antioxidants between 
the genders (Mann–Whitney U test)

Antioxidant Male Female p-value

SOD [U/mL] 8.14 ±1.49 8.05 ±1.38 0.641

CAT [U/mL] 8.39 ±7.26 7.06 ±6.89 0.447

GPx [U/mL] 112.42 ±103.37 90.08 ±65.43 0.516

Data presented as mean (M) ± standard deviation (SD). 

Fig. 2. Correlation between salivary enzymatic antioxidants and tooth 
brushing frequency

A – salivary SOD activity and tooth brushing frequency; B – salivary CAT 
activity and tooth brushing frequency; C – salivary GPx activity and tooth 
brushing frequency. 
* statistical significance (p < 0.05; Spearman’s correlation test).

Fig. 3. Association between salivary enzymatic antioxidants and age

A – SOD activity and age; B – CAT activity and age; C – GPx activity and age.  
* statistical significance (p < 0.001; Spearman’s correlation test).
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Discussion
In the present study, there was no significant rela-

tionship between the SOD activity and DMFT/dmft. 
Hendi  et  al. reported a  decrease in the SOD activity in 
children with caries as compared to children without 
caries.4 In contrast, some studies showed that the sali-
vary SOD activity in children with severe early childhood 
caries (S-ECC) is higher than in children without caries.2,6 
Silva et al. showed that the salivary SOD acti vity in chil-
dren with S-ECC was significantly higher than in children 
without caries.6 Hedge  et  al. reported a  significant in-
crease in the salivary SOD activity in the group with 
DMFT >10 as compared to DMFT = 0.2 The most impor-
tant reason for the differences between our results and the 
abovementioned studies might be the sampling methods 
and techniques used. In those case–control studies, the 
enzymatic activity was compared between 2 groups with 
great DMFT differences. This may explain their signifi-
cant results.2,6 In contrast, in our cross-sectional study, 
children with varying degrees of  dental caries were not 
divided into different groups due to the small sample size 
of the caries-free group.

In the present study, a significant and positive associa-
tion was observed between the CAT activity and the num-
ber of decayed teeth, like in the study done by Hendi et al.4 

Our results showed no significant relationship between 
the salivary GPx activity and DMFT/dmft. This find-
ing is consistent with the results of  Hedge  et  al.11 They 
also observed no significant difference in the GPx acti-
vity of subgroups with different DMFT/dmft (DMFT < 3; 
3 < DMFT < 10; and DMFT > 10). However, they showed 
a  significant increase in the salivary GPx activity in the 
group with active caries as compared to the caries-free 
group.11 In our study, such a comparison was not made 
due to the small number of caries-free subjects.

Previous studies reported a significant elevation of the 
salivary total antioxidant capacity (TAC) in patients with 
an advanced form of caries (cavitated lesions) in compari-
son with a non-caries group.2,8,19,20 Furthermore, the ele-
vation of TAC in children with a high caries rate may be 
due to the colonization of microorganisms as well as the 
stimulation of  the immune system, which consequently 
results in the body’s compensatory reaction to reduce 
oxidative stress.6 Tóthová et al. showed that an improve-
ment in the clinical parameters of the Oral Hygiene Index 
(OHI) reduced the concentrations of thiobarbituric acid 
reacting substances (TBARS) as markers for increasing 
TAC.3 In the present study, the SOD activity increased 
with the increased frequency of tooth brushing whereas 
there was no relationship between the CAT and GPx ac-
tivity and the tooth brushing frequency.

Several studies have also shown a  positive relation-
ship between periodontal parameters and enzymatic 
antioxidants. Novaković  et  al. showed increased SOD 
and GPX activity in patients with chronic periodontitis 

after non-surgical treatment.21 An  in vitro study also 
showed that the SOD and CAT activity diminished 
with the increasing depth of the sulcus in periodontal 
patients.22 A  medication with liposome-encapsulated 
SOD improves the healing process by reducing perio-
dontal inflammatory reactions. However, such an effect 
was not observed in the case of liposome-encapsulated 
CAT.22 

Our study showed there was a  reduction in the acti-
vity of SOD, CAT and GPx with age. This relationship 
is weaker for SOD in comparison with CAT and GPx. 
To  support this finding, there are studies that show 
a positive relationship between age and TAC. For exam-
ple, Tóthová et al.16 and Hegde et al.23 showed the eleva-
tion of TAC with age in 4–18-year-old children and in 
children aged <71 months as well as in 6–12-year-olds, 
respectively. In contrast to the abovementioned studies, 
Kumar et al. showed no significant relationship between 
the children’s age (age range: 3–5 years) and TAC.19 

In our study, the activity of  SOD, CAT and GPx was 
not significantly different between genders. In contrast 
to this finding, the results of  Ahmadi-Motamayel  et  al. 
showed higher TAC in boys than in girls in the age range 
of 15–17 years.24 Moreover, Hendi et al. reported lower 
CAT activity and higher GPx activity in the female group 
as compared to the male group.4 Since the performance 
of  the antioxidant system generally depends on various 
factors, including TAC, the amount of  the released free 
radicals, genetics, diet, age, hormones as well as indivi-
dual stress,25 differences in the results of various studies 
may be attributed to differences in those factors.23 Finally, 
more clinical and laboratory studies are also needed to 
clarify the complete relationship between enzymatic anti-
oxidants and dental caries.

Conclusions
In conclusion, since few studies have been carried out 

on enzymatic antioxidants and dental caries, the present 
study has provided new insights about the activity of en-
zymatic antioxidants in children with varying degrees 
of dental caries. The CAT activity increased with an in-
crease in the number of decayed teeth. The SOD acti vity 
was positively correlated with the tooth brushing fre-
quency. There was a decrease in the SOD, CAT and GPx 
activity with advancing age. The activity of SOD, CAT and 
GPx activity was higher in boys than in girls.

Since the frequency of  tooth brushing was evaluated 
as one of the indicators of oral health, further studies are 
needed to determine the exact relationship between the 
salivary enzymatic antioxidant activity and the oral hy-
giene score. Also, further extensive studies with larger 
sample sizes are required, which might lead to some sig-
nificant results. Moreover, case–control studies are sug-
gested in the future. 
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