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ARTICLE INFO  ABSTRACT 
 
 

In the presence of dental caries, there may be an imbalance between the production of reactive 
oxygen species (ROS) and the ability of antioxidant enzymes to eliminate them, defined as 
oxidative stress, which can cause tissue damage. Several biomarkers have been used to assess 
oxidative stress, such as the antioxidant capacity of saliva (CAT) and salivary uric acid (SUA). 
The objective of this work was to evaluate the relationship between the antioxidant capacity of 
saliva (CAT) and salivary uric acid (SUA) with dental caries. A case-control study was carried 
out with 100 systemically healthy individuals, aged 12 to 15 years old. CAT and uric acid were 
analyzed by spectrophotometry. The data were analyzed by SPSS 18.0 using frequencies and 
independent t test. For groups with male and female caries, respectively, there was an increase of 
72.88% and 73.01% of CAT compared to the control groups. Regarding the concentration of 
salivary uric acid (SUA), for groups with male and female caries, respectively, there was an 
increase of 44.75% and 123.33% in SUA compared to the control groups. Therefore, considering 
that the manifestations of CAT and SUA have a relationship with dental caries, saliva can be an 
important tool for the diagnosis of oxidative stress. 
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INTRODUCTION 
 
Saliva plays an important role in the control of dental caries, as 
its components, flow, viscosity and buffering capacity play an 
important role in the prevention, initiation and evolution of the 
disease. Saliva influences various aspects of the caries process 
and can help to produce a favorable environment to fight the 
disease (Erdem et al. 2013; Dean et al. 2004). Saliva can 
reflect the current physiological condition of the body and, 
therefore, is often called “the body’s health mirror” because it 
contains proteins, hormones, antibodies and other molecules 
that are often measured in blood tests to monitor health and the 
disease. In addition, saliva is easy to collect, less painful for 
the patient and less infectious for the healthcare professional  

 
(Crnkovic et al. 2018; Pedersen et al. 2018; Yoshizawa et al. 
2013; Farnaud et al. 2010). In the presence of dental caries, 
there may be an imbalance between the production of Reactive 
Oxygen Species (ROS) and the ability of antioxidant enzymes 
to eliminate them, defined as oxidative stress, and this causes 
tissue damage (Krifka et al. 2013). It was said that this 
imbalance plays an important role in the beginning and 
development of dental caries (Berra et al. 2006). Saliva has 
been used to assess oxidative stress in individuals with dental 
caries using biomarkers, as it is the first line of defense, as it 
contains antioxidant biochemical compounds such as uric acid 
(Araujo et al. 2020). Some studies have shown the relationship 
between caries and total antioxidant capacity (CAT) and can 
be used to assess disease progression (Ahmadi-Motamayel et 
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al. 2013; Battino et al. 2002; Dodwad et al. 2011; Preethi et al. 
2010; Hegde et al. 2009). Biomarkers are able to provide 
information about the current physiological state of a living 
organism, and saliva is very reliable and can be useful in 
determining the presence, location and even the likelihood of 
developing the disease. Thus, biomarkers serve as a valuable 
and attractive tool in diagnosis. Understanding and validating 
a saliva-based biomarker can play a considerable role in 
interpreting the overall health reflex of the organism itself 
(Agatonovic-Kustrin et al. 2019; Bellagambi et al. 2017; 
Kaczor-Urbanowicz et al. 2017; Rutherfurd-Markwick et al. 
2017). Among the biomarkers of oxidative stress are CAT and 
uric acid, where the first measures the total antioxidants 
present in saliva and the second is an important antioxidant 
defense molecule in saliva. Studies evaluating the relationship 
between caries and CAT and its components are scarce, but 
CAT can be considered as a sensitive and reliable marker to 
determine changes in oxidative stress, assessing the 
antioxidant levels present in the biological sample (Hamed and 
Abdel-Tawwab 2017; Maciejczyk et al. 2018; Babiuch et al. 
2019; Jowko et al. 2018; Rubio et al. 2019; Silva et al. 2018; 
Yusuf et al. 2017). Thus, CAT and uric acid are valuable 
diagnostic biomarkers for assessing various oral health 
conditions. Therefore, the aim of this study was to evaluate the 
association of these biomarkers in young individuals with and 
without dental caries. 
 

MATERIAL AND METHODS 
 
Target population: A cross-sectional case-control study 
carried out with 100 children and adolescents aged 12 to 15 
years, diagnosed with and without caries at a municipal school 
in Teresina, Piauí, Brazil. The research protocol was submitted 
to the Research Ethics Committee of the UFPI, before starting 
the research, and approved with CAAE 
50076115.4.0000.5214. 
 
Inclusion and exclusion criteria: The inclusion criteria for 
the case group were: individuals diagnosed with caries 
according to the evaluation of a dental surgeon and those who 
signed the free and informed consent. Exclusion criteria were 
children and adolescents with systemic diseases such as 
diabetes, AIDS, cardiovascular diseases, rheumatoid arthritis, 
obesity and the presence of periodontitis, gingivitis or other 
oral pathologies. In addition, adolescents who drink and 
smoke, those who have taken vitamin supplements in the past 
four weeks and those who have had a fever in the past five 
days have also been excluded. In addition, all those who did 
not answer the questionnaires, due to forgetfulness or because 
the responsible person was not authorized to participate in the 
study, were also excluded. 
 
Clinical examination: The clinical examination was 
performed by a single examiner in a chair with artificial 
lighting. The diagnosis of caries was performed with a flat 
mouth mirror (Golgran®, São Paulo, Brazil) and an 
exploratory probe (WHO), and the radiographic examination 
was not performed. The case group was selected with at least 
one caries and the control group with all healthy teeth. 
 
Collection of biological material: Initially, children and 
adolescents performed oral hygiene using a small, soft bristle 
brush with fluoride toothpaste to avoid the influence of diet 
and excess bacteria. They were instructed not to drink and eat 
for two hours. Saliva was accumulated in the mouths of 

children and adolescents for two minutes and collected in a 
sterile graduated tube with a wide mouth, using a sputum 
method, collecting 4 mL. The tubes were stored in a styrofoam 
with ice, hermetically sealed, to be transported to the 
Biochemistry Laboratory at UFPI for analysis. 
 
Separation of saliva components: The saliva samples were 
centrifuged at 15.000 rpm for 10 minutes at 4ºC. The resulting 
supernatants were placed in sterile plastic microtubes, duly 
identified and frozen immediately (-80ºC). 
 
Determination of total antioxidant capacity (CAT): The 
total antioxidant capacity was determined by the method 
(Koracevic et al. 2001), an assay that measures the ability of 
the serum to inhibit the production of TBA reactive substances 
(TBARS) from sodium benzoate, under the influence of 
reactive oxygen species (ROS), derived from the Fenton 
reaction. The reaction was measured by a Hitachi U-3000 
spectrophotometer at a wavelength of 532 nm.  
 

Determination of salivary uric acid (SUA): Dosages of uric 
acid were made following the manufacturer's guidelines 
(Labtest Diadgnóstica SA, MG, Brazil) and the concentration 
of uric acid in each sample was expressed in mg dL-1. This 
method is colorimetric enzymatic from which the resulting 
cherry color activity is directly proportional to the uric acid 
concentration in the sample. The absorbance of the sample and 
the standard was read on the Hitachi U-3000 
spectrophotometer at a wavelength of 505 nm. 
 

Statistical analysis: The data were processed using the SPSS 
for Windows® version 18.0 program, in which the descriptive 
analysis (mean and standard deviation) and frequency was 
performed. For comparison between groups, the independent t 
test was applied. In the statistical analysis, the 95% confidence 
level, the 5% margin of error and the 50% prevalence of the 
disease were used. 
 

RESULTS  
  
The initial population consisted of 134 children and 
adolescents, of which 34 participants did not bring the free and 
informed consent, or did not fit the exclusion criteria, and were 
excluded. Thus, a total of 100 children and adolescents aged 
12 to 15 years participated in this study, 54 of whom were 
male and 46 were female. In the control group (n = 48), 56% 
and 44% were male and female, respectively. In the caries 
group (n = 52), 52% and 48% were male and female, 
respectively. The average age of the interviewees was 13 ± 
0.96 years. 
 

Total Antioxidant Capacity (CAT): The results in Table 1 
show that the caries group, in both sexes, had a higher total 
antioxidant capacity (CAT) when compared to the control 
group, with a significant difference (p <0.05). For groups with 
male and female caries, respectively, there was an increase of 
72.88% and 73.01% of CAT compared to control groups 
(Table 1). 
 

Concentration of salivary uric acid (SUA): The results in 
Table 2 show that the case group, in both sexes, showed a 
higher concentration of salivary uric acid (SUA) when 
compared to the control group, with a significant difference (p 
<0.05). For groups with male and female caries, respectively, 
there was an increase of 44.75% and 123.33% in SUA 
compared to control groups (Table 2). 
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Table 1. Concentration of total salivary antioxidant capacity 
(CAT) in children and adolescents with and without caries. 

Teresina - PI, Brazil, 2017 
 

Gender Caries activity CAT level (mg/dL) 

 
Male (n=27) 

 
Without caries 

 
0,59±0,21 

Male (n=27) With caries 1,02±0,27 
  p=0,000 
Female (n=21) Without caries 0,63±0,20 
Female (n=25) With caries 1,09±0,25 
  p=0,000 

    Source: UFPI Biochemistry and Pharmacology Laboratory. p <0.05 

 
Table 2. Concentration of salivary uric acid in children and 

adolescents with and without caries. Teresina - PI, Brazil, 2017 
 

Gender Caries activity Uric acid level (mg/dL) 

 
Male (n=27) 

 
Without caries 

 
2,86±1,89 

Male (n=27) With caries 4,14±1,90 
  p=0,017 
Female (n=21) Without caries 1,80±1,02 
Female (n=25) With caries 4,02±1,39 
  p=0,000 

     Source: UFPI Biochemistry and Pharmacology Laboratory. p <0.05 

 

DISCUSSION 
 

The antioxidant defense mechanisms of saliva are very 
important and few studies discuss the relationship between 
CAT and uric acid with dental caries. Other studies have 
shown that the collection of saliva must be through the sputum 
method, that is, unstimulated saliva, since the levels of 
antioxidant capacity are higher in these cases (Tulunoglu et al. 
2006; Hedge et al. 2009; Hedge et al. 2013; Erel 2004; Greabu 
et al. 2006; Pereslegina 1989; Li et al. 2019; Maciejczyk et al. 
2019; Perraudin 2019; Leeuwen et al. 2019; Skutnik-
Radziszewska et al. 2020). In addition, early childhood caries 
was associated with a higher CAT level, with a direct linear 
relationship between the severity of the caries and the level of 
antioxidant concentration (Mahjoub et al. 2014; Silva et al. 
2016). The relationship between CAT and dental caries has 
also been reported in adults, with a linear relationship between 
CAT saliva and caries severity (Celecova et al. 2013; 
Tarboush et al. 2019; Hegde et al. 2009; Hegde et al. 2013). 
The level of high antioxidant concentration in children with 
caries can be attributed to high levels of protein. It is suggested 
that saliva is rich in antioxidants, especially uric acid. Uric 
acid is reported to be the main antioxidant in saliva, 
responsible for 70% -80% of the total antioxidant capacity of 
stimulated or unstimulated saliva (Moore et al. 1994). Some 
mechanisms have been proposed to explain why CAT could be 
higher in patients with dental caries. The authors reported that 
the highest level of CAT in children with caries is a 
compensatory mechanism against oxidative stress (Mahjoub et 
al. 2014). They attributed that the higher level of CAT has a 
direct relationship in individuals with caries and with their 
diet, stating that the CAT of saliva is a combination of 
endogenous antioxidants and food derivatives (Moore et al. 
1994). Therefore, sugar consumption not only increases the 
risk of tooth decay, but also contributes to a higher level of 
CAT (Mahmoud et al. 2016). 
 
Sugars that promote caries, such as sucrose, glucose and 
fructose, present in fruit juices and other sugary drinks, are 
easily metabolized by cariogenic bacteria to organic acids that 
demineralize enamel and dentin. One of the striking features of 

fructose is the ability to produce uric acid. Consequently, this 
can increase the concentration of uric acid in saliva leading to 
an increase in antioxidant capacity (Moore et al. 1994; 
Perheentupa & Raivio 1967; Reiser et al. 1989; Hegde et al. 
2013). Thus, the habit of increasing sugar intake may be 
responsible for the increase in the level of uric acid and CAT, 
at least in part, being a confusing factor both for the 
development of caries and for the increase in the level of uric 
acid. Additional studies on the role of uric acid, its 
contribution to saliva CAT and its association with diet are 
needed to better understand this phenomenon (Kumar et al 
2011; Hegde et al. 2013). When studying gender, there was a 
significantly smaller difference in relation to the female group 
(Tulunoglu et al. 2006; Hegde et al. 2009; Hegde et al. 2013; 
Erel 2004). Some studies have shown a significant relationship 
between CAT and gender, with the female group having a 
lower concentration. In the present study, the results differed, 
since in this group there was a higher concentration of CAT in 
relation to the male sex, but the difference was not statistically 
significant. The association between CAT and the severity of 
caries was confirmed later. Our study pointed to a higher uric 
acid concentration in individuals with caries compared to 
individuals free of caries. The first line of defense against 
tooth decay is saliva. Its composition and physiology allow a 
thorough investigation as it clearly influences oral health 
(Greabu et al. 2007). The result of this study was similar to 
that of previous studies that evaluated the relationship between 
the physical and chemical properties of saliva and the 
antioxidant status (Erel 2004; Tulunoglu et al. 2006; Hegde et 
al. 2009; Preethi et al. 2010; Ahmadi-Motamayel et al. 2013; 
Hegde et al. 2013; Moore et al. 1994; Kumar et al. 2011; 
Dodwad et al. 2011). Such studies concluded that the level of 
antioxidant concentration was higher in children with caries. 
They suggested that antioxidant levels could be changed in 
response to an infection or illness. The absence of infection in 
the control group may be one of the factors for levels with a 
lower concentration of CAT and uric acid. 

 
CONCLUSION 
 
Within the limitations of this study, it can be concluded that 
there is an association between total antioxidant capacity and 
salivary uric acid and dental caries. The results reinforce the 
need for studies with larger samples, as well as longitudinal 
studies to elucidate the association between CAT levels and 
uric acid with the number of cavities. In addition, there may be 
gender differences that may be influenced by hormonal 
factors, which still needs to be evaluated in future studies. 
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