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Abstract 

Introduction: The main non-enzymatic salivary antioxidant is uric acid. An important and innovative test for the analysis 
of antioxidants in the oral cavity is the SAT test, based on the determination of iron-reducing power. It is known that uric 
acid forms stable complexes with ferric ion and therefore it is possible that tests based on the determination of the iron-
reducing power might measure only the concentration of uric acid. Objective: The aim of this paper is to demonstrate 
that, in particular, the SAT test quantifies the reducing power of saliva in all its components. Methods: It has been 
quantified uric acid and iron-reducing power in saliva sample from 29 subjects. Iron-reducing power has been morover 
determined in some samples fortified in vitamin C. Results: A strong and significant correlation was found between the 
uric acid concentration and the iron-reducing power measured (r = 0.90, p <0.01), but data are not perfectly overlapping. 
Iron-reducing power of samples fortified in vitamin C is directly proportional to the addiction. Conclusions: The iron-
reducing power of saliva is simultaneous influenced by the antioxidants and not only the uric acids. The salivary iron-
reducing test (i.e. SAT test) are sensitive both to uric acid and to vitamin C and likely to all salivary reducing agents. 
Moreover the salivary iron-reducing test are an excellent estimate of the global antioxidant power of saliva and then of 
the oral cavity. 
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INTRODUCTION  

Free radicals play a key role in the development of different pathological conditions, therefore, different 

methods have been developed to measure oxidative stress in body fluids including blood, urine and, more 

recently, saliva. Free radicals and antioxidant defenses within the oral cavity can play a key role in the 

development of odontostomatological pathologies [1]. For this reason, many methods have been developed 

for the analysis of such components (free radicals and antioxidants) in the oral cavity. These methods are 

based on the most disparate principles and differ in complexity and technique. Some methods are based on 

the quantification of a given analyte, such as uric acid [2], vitamin C [3,4] or vitamin E [4]. Other methods 

measure the ability of the saliva to respond to an in vitro induced oxidative insult, for example, the method  

proposed by Koracevic [5] where the antioxidant power is measured on the basis of the sample's ability to 

protect the benzoate from the aggression of radicals produced by Fenton reaction. The most classic ABTS 

assay belongs to this method [6]. Other methods are based on chemoluminescent or voltammetric 

techniques [6]. Another important category of methods are based on the determination of iron-reducing 

power, i.e. the ability of a sample to reduce ferric ions to ferrous ions, the principle of the known FRAP 

method [7].  

SAT test, for example, belongs to this category of methods [8]. This method, is based on the ability of salivary 

antioxidants to reduce, in hydroalcoholic environment, a percentage of ferric ions to ferrous ions. This 

reduction is proportional to the iron-reducing  power.  

The presence of the thiocyanate ion, whose complexes with the ferric ion produce a red-colored solution 

while those with the ferrous ion are colorless, allows the determination of the iron-reducing power by 

photometric analysis. 

This test has the peculiarity of being added with a zirconium salt that binds phosphate ions present in the 

saliva; these ions permanently bind the ferric ions and therefore cause a discoloration and false positive 

results.  

Saliva is an extremely heterogeneous fluid which contains enzymatic and non-enzymatic antioxidants.  
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These last can be easily quantified with SAT test. The main non-
enzymatic salivary antioxidants are uric acid, the most abundant [9], 
followed by vitamin C, and, only in traces, vitamin A and vitamin E [10].  

It is known that uric acid forms stable complexes with ferric ion [11] and 
around the 70% of the non-enzymatic antioxidant in saliva are 
represented by uric acid, so a doubt that can arise is that tests developed 
for the determination of iron-reducing power actually measure only the 
concentration of uric acid. The aim of this paper is to demonstrate that 
in the case of the SAT test this is not true and SAT test is an innovative 
test useful for the quantification of the reducing power of saliva. 

METHOD 

Two different experiments have been performed. Saliva of 29 subjects 
(29 males, aged between 18-20 years) has been collected after a written 
and informed consent. In the first experiment saliva has been analyzed 
with  SAT test (H&D srl, Parma, Italy) and with Uric acid AOX FL (Chema 
Diagnostica, Monsano, Italy), test for the determination of uric acid. This 
last test is based on the incubation of the sample with ascorbate oxidase 
in order to avoid the interference due to the ascorbic acid and on the 
subsequent colorimetric determination of the hydrogen peroxide 
generated by the action of the uricase enzyme in presence of uric acid. 
In the second experiment saliva sample was fortified with Vitamin C, 

standard addition method, and each fortified sample was analyzed with 
SAT test. SAT test results are expressed as μmol/L (antioxidant used as 
reference standard is vitamin C) while those related to uric acid in mg/dl.  

Statistical analysis 

Data were analyzed using linear regression and correlation techniques, 
such as Pearson's r.  

RESULTS 

In the first experiment a strong and significant correlation was found 
between the values of uric acid and the iron-reducing power measured 
by SAT (r = 0.90, p <0.01). Following this result the analysis of the 
relationship between the two data series was analyzed by means of 
linear regression analysis. The following were achieved: R2 = 0.82, 
linearity test (test F) p <0.001, test of significance (t test) of the angular 
coefficient p <0.001 and of the intercept p> 0.05 (Figura 1a). 

In the the second experiment, a linear regression analysis was 
performed, and the following results has been obtained: R2 = 0.99, 
linearity test (test F) p <0.001, significance test (t test) of the angular 
coefficient p < 0.001 and of the intercept p <0.001 (Figura 1b). 

 

 

Figure 1: a) results of the SAT and uric acid analysis on 29 saliva samples; b) results of the SAT analysis on a fortified saliva sample with Vitamin C. 

 
DISCUSSION 

Although the two experiments are conceptually different, the results of 
both experiments demonstrate that the measure of iron-reducing 
power of saliva is influenced by both the presence of uric acid and 
vitamin C, the main antioxidants of saliva.  

The first experiment was more complicated because of the impossibility 
to fortify saliva with uric acid and to recreate a solution of uric acid at 
physiological concentrations that did not interfere with the SAT test. For 
this reason, it has been decided to analyze the saliva samples both with 
the SAT test and with Uric acid AOX FL and compare the data. The 
comparison was made through the study of the correlation that was 
strong and significant, therefore the modification of one value also 
changes the other, therefore the iron-reducing power is strongly 
influenced by the presence of uric acid. The results of the regression 
analysis between uric acid concentration and iron-reducing power of 
saliva are extremely interesting. The relationship between the two 
quantities is linear but the R2 is about 0.80, this means that the variation 
in uric acid concentration contributes to about 80% of the variation of 
the iron-reducing power of saliva. This particular finding is reflected in 
literature [9], and proves that the measure of iron-reducing power with 
SAT test, in particular, is not the measure of uric acid only but the test is 
simultaneously sensitive to the variations of more antioxidants of the 
oral cavity and therefore it is an excellent estimate of the salivary global 

antioxidant power. The second experiment confirms the sensibility of 
the SAT test for Vitamin C [8]. Unlike uric acid, vitamin C has been used 
to fortify a saliva sample with increasing concentrations   in order to 
obtain a curve. Figure 1b shows the increase in the signal that is 
extremely linear with respect to the increase in concentration in Vitamin 
C. 

CONCLUSION 

It has been established that the iron-reducing power of saliva is 
simultaneously influenced by multiple antioxidants and not only the uric 
acid. Salivary iron-reducing tests, like SAT test, are sensitive both to uric 
acid and to vitamin C and likely to all salivary reducing agents.  
Moreover, salivary iron-reducing tests are an excellent estimate of the 
global antioxidant power of the saliva and thus of the oral cavity. 

Acknowledgment 

No financial or contractual agreements that may cause conflict of 
interest or be perceived as causing are in place. No works are being 
concurrently published or reviewed that are relevant to the manuscript 
being submitted to the present journal.  



 

 

71 

The corresponding author and all the authors have read and approved 
the final submitted manuscript. No portion of this work has been or is 
currently under consideration for publication elsewhere.  

No portion of this manuscript, other than the abstract, has been pub-
lished or posted on internet. 

Conflict of Interest 

None. 

REFERENCES 

1. Iannitti T, Rottigni V, Palmieri B. Role of free radicals and antioxidant 
defences in oral cavity‐related pathologies. Journal of Oral Pathology 
& Medicine. 2012 Oct;41(9):649-61. 

2. Kim J, Imani S, de Araujo WR, Warchall J, Valdés-Ramírez G, Paixão TR, 
Mercier PP, Wang J. Wearable salivary uric acid mouthguard biosensor 
with integrated wireless electronics. Biosensors and Bioelectronics. 
2015 Dec 15;74:1061-8. 

3. Evans LW, Omaye ST. Use of saliva biomarkers to monitor efficacy of 
vitamin C in exercise-induced oxidative stress. Antioxidants. 2017 Jan 
12;6(1):5. 

4. Rai B, Kharb S, Jain R, Anand SC. Salivary vitamins E and C in oral 
cancer. Redox Report. 2007 Jun 1;12(3):163-4. 

5. Koracevic D, Koracevic G, Djordjevic V, Andrejevic S, Cosic V. Method 
for the measurement of antioxidant activity in human fluids. Journal 
of clinical pathology. 2001 May 1;54(5):356-61. 

6. Battino M, Ferreiro MS, Gallardo I, Newman HN, Bullon P. The 
antioxidant capacity of saliva. Journal of Clinical Periodontology: 
Review article. 2002 Mar;29(3):189-94. 

7. Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a 
measure of “antioxidant power”: the FRAP assay. Analytical 
biochemistry. 1996 Jul 15;239(1):70-6. 

8. Benedetti S, Primiterra M, Finco A, Cornelli U. Validation of a patented 
method to determine the antioxidant capacity of human saliva based 
on the reduction of iron: the SAT test. Clinical laboratory. 2014 
Mar;60(3):475-82. 

9. PulliShery F, Panchmal GS, SiDDique S. Salivary thiocyanate, uric Acid 
and pH as biomarkers of periodontal disease in tobacco users and non-
users-an in-vitro study. Journal of clinical and diagnostic research: 
JCDR. 2015 Jul;9(7):ZC47. 

10. Abdolsamadi H, Rafieian N, Goodarzi MT, Feradmal J, Davoodi P, 
Jazayeri M, Taghavi Z, Hoseyni SM, Ahmadi-Motamayel F. Levels of 
salivary antioxidant vitamins and lipid peroxidation in patients with 
oral lichen planus and healthy individuals. Chonnam medical journal. 
2014 Aug 1;50(2):58-62. 

11. Davies KJ, Sevanian A, Muakkassah-Kelly SF, Hochstein P. Uric acid-
iron ion complexes. A new aspect of the antioxidant functions of uric 
acid. Biochemical Journal. 1986 May 1;235(3):747-54. 


