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Introduction

Saliva is a complex biological fluid secreted mainly 
by three pairs of major salivary glands in the oral 
cavity. It plays an important role in protecting against 
various agents, such as microorganisms, toxins, and 
various oxidants. The changes that occur in the salivary 
composition may have a significant role in controlling 
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Aim: The purpose of this study is to examine the total antioxidant capacity (TAC) as a biomarker to investigate 
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was subjected to statistical analysis using SPSS version 18.0. The paired t-test was used to compare the TAC 
levels before and after the restorative procedure within each group (Group I and Group II). The results revealed 
that after restoration, both Group I and Group II showed a significant increase in TAC levels compared to before 
restoration (P = 0.000). Additionally, the Student t-test was employed to compare the TAC levels between Group 
I (males) and Group II (females). Interestingly, the study observed that the TAC of saliva was significantly higher 
in males compared to females, both before and after the restoration of carious teeth. Conclusion: Our research 
demonstrated reduced TAC levels in areas affected by dental caries, and these levels exhibited a significant rise 
following the restoration of all carious teeth. Consequently, it can be deduced that the evaluation of caries activity 
and the effectiveness of its treatment can be facilitated through the assessment of salivary factors, which holds 
promise for applications in preventive dentistry. Clinical Significance: TAC can be employed as a biomarker 
and a therapeutic target because a reduced TAC level before restoration is a sign of infection.
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and affecting the oxidative damage in the oral cavity [1].
Dental caries is one of the most common chronic, 

infectious, and inflammatory oral diseases in mankind, 
affecting all people regardless of their sex, socioeconomic 
strata, race, and age. This disease is profoundly affected 
by other factors, like oral hygiene and saliva [2]. 
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The composition of saliva, either naturally or under 
certain conditions, varies in different individuals [3]. 
The carious process is controlled to a large extent by a 
natural protective mechanism that is inherent within the 
saliva [4]. The evaluation of total antioxidant capacity 
(TAC) in biological fluids like saliva is one of the first 
steps in the search for diseases in biochemistry, medicine, 
food, and nutritional sciences [5].

Saliva constitutes a first line of defense against free 
radical-mediated oxidative stress [6]. It also serves as 
a mirror of the body’s health as it contains proteins, 
hormones, antibodies, and other molecules that are 
frequently measured in standard blood tests to monitor 
health and disease. Unlike whole blood, saliva is easy to 
collect, painless to the patient, and less infectious for the 
healthcare provider [7]. Evaluation of saliva for those 
factors that may increase the risk of individuals developing 
dental caries can pave the way to making recommendations 
that will cater specifically to the needs of an individual.

TAC (total antioxidant capacity) is a biomarker often 
used in order to investigate oxidative stress in various 
pathological conditions [8]. It is the total material in 
bodily fluids that possesses antioxidant properties [9]. 
The relationship between infection and TAC depends on 
the type and site of the infection. The TAC of saliva could 
also be a marker for dental caries activity among children 
and adolescents.This study was carried out to compare the 
TAC of saliva before and after the restoration of carious 
teeth and between genders in order to determine the 
potential existence of a relationship between the TAC of 
saliva and dental caries.

Materials and Methods

The G*Power sample power calculator (version 3.1.9.6 
for Mac OS X 13, Heinrich Heine Universität Düsseldorf, 
Düsseldorf, Germany) was utilized to calculate sample 
power in the research. The sample size, determined based 
on an analysis of a previously published study, resulted in 
23 participants assigned to each group. To address the lost 
follow-up data, the sample size was increased by 20% of 
the minimum estimated value, resulting in a final sample 
size of 27 participants in each group (28).

54 healthy children (27 males and 27 females) 
between the ages of 7 and 10 were randomly selected 
and included in the study. Institutional Ethics Committee 
approval was obtained prior to the start of the study 
(RDC/ADMN/2016/550), and written informed consent  
forms were obtained from the parents of all children prior 
to examination, and assent from the child was obtained 
verbally in the presence of the parent before proceeding 
with examination and saliva collection obtained from all 
subjects. Exclusion criteria were physically and medically 
compromised patients, those who are on medications, and 
children undergoing orthodontic treatment.

Saliva sampling
The selected subjects were requested not to use any 

oral stimulation, like eating or drinking, for 90 minutes 
prior to the collection of saliva samples. Each subject was 

seated in the coachman’s position, head slightly down, 
and was asked not to swallow or move his tongue or lips 
during the period of saliva collection. Around 2 ml of 
unstimulated whole saliva specimen was collected using 
a needleless aspirating syringe directly from the floor of 
the mouth, transferred into polypropylene tubes, and 
immediately put into an ice container. The samples were 
stored at -800C for the analysis of TAC.

Clinical procedure
All clinical examinations were carried out by a 

single examiner. Caries detection was based only on 
clinical caries that were observed with plain mouth 
mirrors and explorers. Subjects who had a DMFT/deft 
score of 5 or below and an OHI-S score of 3 or below 
were selected. The saliva samples were collected before 
the restoration of carious teeth from subjects and estimated 
for TAC. All the carious teeth were then restored using type 
IX glass ionomer cement. Saliva samples were collected 
to estimate the TAC one month after the restorative 
procedure.

Salivary analysis
TAC measurements of saliva samples were carried 

out using Cayman’s antioxidant assay kit (USA). 
The reaction was based on the ability of aqueous and 
lipid antioxidants to inhibit the oxidation of 2,2’-Azino-
di-[3-ethylbenzthiazoline sulphonate] (ABTS) to 
ABTS+. The amount of ABTS+ produced can be 
monitored by reading the absorbance at 750 nm or 405 
nm. The antioxidants in the sample cause suppression 
of absorbance at 750 nm or 405 nm to a degree that is 
proportional to their concentration. The capacity of the 
antioxidants to prevent ABTS oxidation is then compared 
with that of standard Trolox, a water-soluble tocopherol 
analogue, and quantified as millimolar (mM) Trolox 
equivalents. Absorbance is measured using NanoDrop 
Lite (ThermoNonoDrop Lite, USA).

Statistical analysis
The data obtained were statistically analysed 

using SPSS version 18.0. A paired t test was used for 
the analysis of TAC before and after the restorative 
procedure, whereas a student t test was used for the 
analysis of TAC between Group I (males) and Group II 
(females). P ≤ 0.05 was considered statistically significant.

Results 

Comparison of TAC before and after restoration of carious 
teeth

Table 1 showed that the mean salivary TAC of total 
samples before and after restoration of caries. The mean 
TAC of saliva before the restoration of carious teeth was 
0.73 + 0.06 mM which increased to 0.79+ 0.05 mM one 
month after restorative procedure. This result was found 
to be very highly statistically significant with p value of 
0.000.
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to be higher. This result is compatible with the findings of 
Sikorska–Jaroszyńska et al. where the highest TAC value 
was observed in children free of dental caries [10].

In the early 1990’s, Miller et al. proposed a new 
test to measure the total antioxidant status, which was 
designated as TAC. The ability of this test to measure the 
antioxidant capacity of all antioxidants in a biological 
sample and not just the antioxidant capacity of a single 
compound was its major advantage [11]. Since then, 
TAC has been a biomarker which is often used in order 
to investigate oxidative stress in many pathological 
conditions. We determined the TAC because investigating 
any individual antioxidant activity may be misleading and 
less representative of whole antioxidant status. Moreover 
the number of different antioxidant makes it more 
expensive and difficult to estimate the activity of each of 
them separately [12]. Also, no statistically significant 
results were reported in all the previous literatures where 
individual antioxidants have been evaluated in caries free 
and caries active individuals, and they suggested that TAC 
be evaluated rather than individual antioxidants [13].

In this study, we used unstimulated saliva for the 
determination of TAC because it is reported that TAC is 
higher in unstimulated saliva [14]. The values of TAC of 
saliva are dependent on the general health status of patients 
[15]. In our study, all the subjects were healthy with no 
active inflammatory processes of gingival or pathological 
lesions of oral mucosa. Hence, it appeared that caries was 
the main factor influencing the total antioxidant status of 
unstimulated saliva.

Our results showed the mean TAC value before 
restoration of caries was significantly lower when 
compared to the mean TAC value after restoration, 
i.e. the TAC of saliva decreased in caries active state. 
This finding was similar to the results of Krawczyk et al. 
who reported that in patients with multiple carious lesions, 
stimulated and unstimulated salivary antioxidant level 

TAC of saliva before and after restoration of caries in 
Group I males

The results showed that the mean salivary TAC 
in Group I before the restoration of carious teeth was 
0.76+ 0.04 mM which increased to 0.82+ 0.04 mM one 
month after restoration(p-value < 0.001) (Table 2).

 
Comparison of TAC before and after restoration of caries 
in Group II - Females

The mean salivary TAC in Group II before the 
restoration was 0.69+ 0.05 mM which increased to 
0.76+ 0.04 mM one month after restoration of all carious 
teeth (Table 3). These results were found to be highly 
significant (p 0.001). 

Inter-group comparison of mean TAC of saliva before 
restoration of caries

Table 4 showed that the mean TAC of saliva before 
restoration in Group I was 0.76+0.04 mM where as mean 
TAC before restoration in Group II was 0.69+0.05mM. 
There was a statistically significant (p = 0.000) higher 
salivary TAC in Group I when compared to Group II.

Inter-group comparison of mean TAC of saliva after 
restoration of caries

Table 5 showed that the mean salivary TAC after 
restoration of caries in Group I was 0.82+0.04 mM 
where as mean TAC after restoration in Group II was 
0.76+0.04mM. The TAC was significantly higher in 
Group I with p is 0.000.

Discussion

In our study, the TAC of saliva was found to have 
an inverse relation with dental caries. TAC significantly 
increased after restoration of all carious teeth indicating 
that in a caries free environment, the TAC of saliva seemed 

Table 1. Comparison of TAC before and after Restoration of Carious Teeth 
N TAC (mM) P Value

Pre-restoration 54 0.73±0.06
0.000HS

Post-restoration 54 0.79±0.05
TAC, Total antioxidant capacity; HS: Highly significant. Values are represented in terms of mean±standard deviation. Comparison between 
pre-restoration and post-restoration by paired t- test, HS (highly significant).

Table 2. Intra Group Comparison of TAC of Saliva before and after Restoration of Caries in Group I - Males
N TAC (mM) P Value

Pre-restoration 27 0.76±0.05 0.001HS

Post-restoration 27 0.82±0.04
TAC, Total antioxidant capacity; HS, Highly significant. Values are represented in terms of mean±standard deviation. TAC level in saliva is 
represented in milli molar (mM). Paired t test was used for the analysis of TAC between Group I (males), HS (highly significant).

Table 3. Intra-group Comparison of Mean TAC of Saliva before and after Restoration of Caries in Group II - females
N TAC (mM) P Value

Pre-restoration 27 0.76±0.05
0.001HS

Post-restoration 27 0.82±0.04
TAC, Total antioxidant capacity; HS, Highly significant. Values are represented in terms of mean±standard deviation. TAC level in saliva is 
represented in milli molar (mM). Paired t test was used for the analysis of TAC between Groups II (females), HS (highly significant).



434 Asian Pacific Journal of Cancer Care• Vol 9• Issue 3

apjcc.waocp.com                 Hajira Kunju Mohammed, et al: Analyzing the Salivary Antioxidant Capacity in Children before and after Dental

significantly decreased [10]. In another study, Krawczyk 
et al. reported decreased TAC of saliva in subjects with 
dental caries. The reduction in TAC can probably be 
explained by the fact that the components of dental 
plaque bacterial cell wall, i.e. liposaccharides  stimulates 
the immune system to produce inflammatory reaction 
mediators. An increased metabolism and a significant 
increase in oxygen consumption occur in the neutrophils, 
granulocytes and monocytes. This process is referred 
to as ‘respiratory burst’. It is characterized by quick 
transformation of molecular oxygen into an ion radical 
superoxide, from which hydrogen peroxide is derived. 
The latter compound is toxic, not only for bacteria, but 
also for the surrounding tissues and neutrophils. This, in 
turn, leads to a decrease of the total antioxidant status 
value. In other medical conditions like HIV, where the 
oxidative stress is found to be high, the TAC of saliva 
was decreased as reported by Padmanabhan et al [16]. 
The salivary TAC was also reported to have an inverse 
relation to dental caries in children with Down’s syndrome 
and Cerebral Palsy by Subramaniam et al [17, 18].

There are many more studies that have reported that the 
decreased TAC of saliva has an important role in the onset 
and progression of many diseases of oral cavity including 
oral lichen planus [19] and periodontal disease [20-22], 
due to the presence of oxidative stress. In the same way, 
reduction of salivary TAC may have a significant role in 
dental caries because of the destructive factors like free 
radicals/ROS [23]. Another observation found in our study 
was that, the TAC of saliva was found to be significantly 
higher in males when compared to females, both before 
and after restoration of carious teeth. This finding was 
similar to the results of Ahmadi-Motamayel et al., who 
reported a statistically significant lower TAC in female 
group compared to male group. It must be noted that 
the efficacy of total antioxi¬dant system may be related 
to a number of factor such as amount of free radical 
produc¬tion, individual’s genetic basis, dietary intake, 
physical activity, hormones and stress. Therefore in 
females, factors such as hormonal changes and stress can 
influence TAC of saliva [24].

One of the earliest studies done to correlate between 
TAC and dental caries was done by Tulunogluet al., they 

found that the intensification of caries activity coincided 
with the increase in antioxidant activity of saliva [25]. 
In another study, Uberos et al., examined 126 patients 
with mixed dentition and observed that TAC of saliva 
in patients with dental caries in deciduous teeth, was 
significantly higher than those without dental caries. 
But in permanent teeth, no significant relationship was 
detected between dental caries and TAC of saliva [26]. 
Studies conducted by Hedge et al., Preethi and Dodward et 
al., showed, that in children, the TAC level increased with 
the increase in caries activity [12, 27]. Mahjoub proposed 
that higher TAC in children with severe early childhood 
carries (ECC) is a compensatory mechanism against 
oxidative stress [28]. Moore et al. attributed higher TAC of 
saliva in patients with dental caries to their diet [14]. 
These experts stated that salivary TAC is a combination of 
endogenous and food-derived antioxidants. Uric acid, as 
the major antioxidant of the saliva composes more than 
85% of salivary TAC, is derived from foods and mainly 
from sugars. Therefore, consumption of sugars not only 
enhances the risk of dental caries, but also contributes to 
higher TAC of saliva [23].

On the contrary, TAC was lower in caries active 
children in the present study. This may be because the 
radical-scavenging antioxidants are being consumed by 
the increased free radical activity associated with dental 
caries and the total antioxidant status may have been 
used to indirectly assess free radical activity. Hence, 
superiority of oxidative stress and/or the inadequacy of 
antioxidant power may attribute to the decreased TAC of 
saliva in a carious environment [17].

The current study highlights the influence of oxidative 
stress and antioxidants on oral health. The generation of 
pro-oxidants in the form of ROS and RNS are effectively 
kept in check by the various levels of antioxidant 
defense. However, when it gets exposed to adverse 
physicochemical, environmental or pathological agents 
such as atmospheric pollutants, ultraviolet rays, radiation, 
toxic chemicals and over nutrition; this delicately 
maintained balance is shifted in favour of pro-oxidants 
resulting in ‘oxidative stress [29]. The conflicts seen in 
the results by multiple researchers in different studies 
may be because of the different methods of measuring 

Table 4. Inter-group Comparison of Mean TAC of Saliva before Restoration of Caries
Pre-restoration N TAC (mM) P Value
Group I (Male) 27 0.76±0.05 0.000 HS

Group II (Female) 27 0.69±0.05
TAC, Total antioxidant capacity; HS, Highly significant. Values are represented in terms of mean±standard deviation. TAC level in saliva is 
represented in milli molar (mM). Student t test was used for the analysis of TAC between Groups I (Males) and Group II (females), HS (highly 
significant).

Table 5. Inter-group Comparison of Mean TAC of Saliva after Restoration of Caries
Post-restoration N TAC (mM) P Value
Group I 27 0.82±0.04 0.000 HS

Group II 27 0.76±0.04
TAC, Total antioxidant capacity; HS, Highly significant. Values are represented in terms of mean±standard deviation. TAC level in saliva is 
represented in milli molar (mM). Student t test was used for the analysis of TAC between Groups I (Males) and Group II (females), HS (highly 
significant).
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TAC, age discrepancy, the severity of dental caries and 
type of dentition. There is no doubt that antioxidants are 
necessary components for our health and that they should 
be in balance with the production of free radicals. 

Clinical Significance
TAC can be employed as a biomarker and a therapeutic 

target because the reduced TAC level before restoration 
is a sign of infection.

In conclusion, there is evidence that production of 
excessive free radicals and ROS may be substantially 
elevated in certain inflammatory diseases including 
dental caries and it is the antioxidant defense system that 
maintains the balance between them. Further clinical and 
laboratory studies must be performed with a wider sample 
size and longer follow ups to find the exact relationship 
between TAC and dental caries. Our study showed lower 
levels of TAC in carious environment which significantly 
increased after the restoration of all carious teeth. 
Therefore, it can be inferred that the caries activity and 
its treatment outcome can be assessed by salivary factors 
which may be helpful in Preventive dentistry.
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