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INTRODUCTION
RAS or Recurrent Aphthous Ulceration (RAU) is one of the most 
common ulcerative diseases of the oral mucosa that presents as 
recurrent, shallow, painful round ulcers with an erythematous halo 
and yellowish-grey pseudomembranous base [1].

The aetiology of RAS is largely unknown, however several factors 
have been proposed as possible causative agents. These include 
local factors such as trauma, microbial factors, nutritional factors, 
immunologic factors, genetics, psychosocial stress, allergy and 
hormonal changes [1]. All of these factors can disturb the oxidant-
antioxidant equilibrium of the individual and thereby, trigger the 
formation of free radicals. The OS that occurs as a result of an 
increase in the concentrations of these free radicals can suppress the 
activities of immune system causing cellular damage. To counteract 
this OS, mammalian cells have the antioxidant system that includes 
both enzymatic and non enzymatic activities. The enzymatic 
antioxidants are the SOD, Catalase (CAT) and GSHPx; and the non 
enzymatic antioxidants include vitamins A, E, C, melatonin, UA and 
glutathione [2].

Psychosocial stress has also been reported to have association 
to the onset of RAS. Stress can influence the immunity of the 
individual through innervations of the central nervous system, 
immune system or the neuroendocrine immune pathways by 
release of hormones such as cortisol. An increase in stress is 
therefore known to create an OS state contributing to cell damage 
[3]. The present study has been undertaken to assess whether OS 
and psychosocial stress play a role in the pathogenesis of RAS.

 

MATERIALS AND METHODS
In this case control study, Group I (study group) consisted of 30 
patients diagnosed as having RAS and Group II (control group) 
consisted of 30 healthy volunteers. The study participants were 
selected by simple random sampling from the patients attending 
the outpatient department of Azeezia Dental and Medical College, 
Kollam, Kerala, India, fulfilling the inclusion and exclusion criteria. The 
study was initiated after obtaining ethical clearance from institutional 
ethics committee. A detailed case history was taken after obtaining 
written informed consent from all the participants. The subjects 
were also asked to complete the distributed RLCQ questionnaire 
to quantify the stressful life events experienced in a period of six 
months. Patients, above 18 years, with history of RAS within the 
past year were included in the study. Subjects with any systemic 
diseases (eg., celiac diseases, Crohn’s disease, ulcerative colitis, 
AIDS), vitamin and microelement deficiencies, food allergies, under 
a therapeutic regimen or supplementary vitamins, history of surgery 
or trauma for the past two months, with a history of alcoholism, 
tobacco smoking and chewing habit and those having a partial or 
full dentures and ulcers caused due to trauma were excluded from 
the study.

Unstimulated saliva was collected from the patient between 8.00 
am and 10.00 am using passive drool method. About 10 minutes 
prior to saliva collection the patients were asked to rinse their 
mouth with water and then spit out or swallow the saliva already 
present in the mouth. After a few minutes of relaxation, they were 
asked to lean forward and drool the produced saliva into a vial 
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ABSTRACT
Introduction: Despite its vast occurrence, the aetiology of 
Recurrent Aphthous Stomatitis (RAS) still remains unknown 
and its aetiology is multifactorial. The factors believed to 
be associated with the aetiology of RAS, may disturb the 
equilibrium of oxidant-antioxidant status of the organism and 
may accelerate the formation of free radicals, resulting in 
Oxidative Stress (OS). Psychological stress is believed to act as 
a triggering factor or modifying factor for RAS. 

Aim: To find whether oxidant-antioxidant status and psycho-
social stress play a role in the pathogenesis of RAS.

Materials and Methods: The study was conducted on 60 
subjects over a period of one year (August 2014-August 2015) 
equally divided into two groups-patients with RAS and healthy 
controls. 

Psychosocial stress was analyzed by using Recent Life 
Changes Questionnaire (RLCQ). Saliva was analyzed to evaluate 
Superoxide Dismutase (SOD) and Glutathione Peroxidase 
(GSHPx) activities, Malondialdehyde (MDA) and Uric Acid 

(UA) levels in both the study and the control groups, using UV 
spectrophotometry.

Results: The mean value of salivary SOD and MDA was 
increased while the activity of GSHPx and UA decreased in 
the study group when compared to the controls; the difference 
being statistically significant (p<0.005). The mean RLCQ stress 
score was also found to be increased in the RAS group, which 
showed elevated levels of mental stresses when compared 
to physical stresses. No significant association was observed 
between SOD, MDA, GSHPx and UA with high levels of stress 
score (p>0.05). In the study group, no correlation was observed 
between the study variables and gender, the number of ulcer 
episodes in one year, the number of ulcers per episode or the 
duration of ulcers.

Conclusion: This study shows that salivary antioxidant levels 
show a significant difference in response to OS in RAS patients. 
An increase in levels of psychosocial stress is seen associated 
with patients with RAS indicating its role as a modifying or 
triggering factor in the initiation of RAS.
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Stress score Physical stress
(Mean±SD)

Mental stress
(Mean±SD)

Group-I (Cases) 81.97±53.61 224.20±87.26

Group-II (Control) 59.30±39.94 168.97±83.54

p-value 0.069 0.015*

Groups SOD
(Mean±SD)

MDa
(Mean±SD)

GShPx
(Mean±SD)

uric acid
(Mean±SD)

rLCQ 
Stress Score
(Mean±SD)

Group – I 
(Study)

1.27±0.48 1.45±0.55 1.60±0.39 3.99±1.59 306.17±74.92

Group – II 
(Control)

0.72±0.41 0.95±0.28 2.19±0.62 5.79±1.61 228.27±87.85

p-value 0.000* 0.000* 0.000* 0.000* 0.000*

[Table/Fig-1]: Comparison of salivary oxidant, antioxidant levels and stress factor 
between study and control groups.
* Unpaired student’s t-test

[Table/Fig-2]: Comparison of physical and mental stress between study and control 
groups.
* Unpaired student’s t-test

using a custom made saliva collecting funnel. The saliva containing 
vials were placed in an ice carrier box and transferred to laboratory 
for biochemical analysis. Saliva samples were stored at -20oC until 
analysis. Saliva samples were centrifuged at 3000 rpm for 10 
minutes at 4oC. The supernatants were collected and subjected 
to spectrophotometric analysis (using Spectrophotometer; Agilent 
Cary 60) for estimation of SOD, MDA, GSHPx and UA.

Estimation of Superoxide Dimutase Activity
Fifty microlitres (50 µl) of saliva samples were added to a test tube 
containing 3 ml of reaction mixture [50 mM potassium phosphate 
buffer (7.8), 45 µM methionine, 5.3 mM riboflavin, 84 µM NBT and 20 
µM potassium ferric cyanide]. The tubes were incubated at 25oC for 
10 minutes and read on spectrophotometer at 600 nm [4].

Estimation of Malondialdehyde
Fifty microlitres (50 µl) of saliva samples were mixed with 500 µl 
of 70% of alcohol and 1 ml of 1% Thiobarbituric Acid (TBA). Then 
all the tubes were kept in boiling water bath for 20 minutes. After 
cooling to room temperature 50 µl of acetone was added to all the 
test tubes and read absorbance at 535 nm in spectrophotometer. 
The MDA values were compared with a standard MDA graph [5].

Estimation of Gluathione Peroxidase
Fifty microlitre (50 µl) of saliva samples were added to a test tube 
containing 3 ml of reaction mixture [1mM of β-NADPH + 1mM 
sodium azide solution, 200 mM reduced glutathione]. Mixed by 
inversion and equilibrated to 25oC and monitored the absorbance 
at 340 nm until constant. The tube containing 3 ml reaction mixture 
and 50 µl of phosphate buffer (pH 7) was taken as blank. A 50 µl 
of 0.042% of hydrogen peroxide was added to these tubes. It was 
immediately mixed by inversion and the decrease in absorbance 
was recorded at 340 nm for approximately five minutes [2].

Estimation of Uric Acid
UA concentration was measured in the saliva of the participants, 
using a kit supplied by Erba diagnostics [Cat No: BLT00062; Pack 
Name: UA SINGLE 200; Packaging (content): R1: 4x50 ml and 
R2 standard: 1x5 ml]. To 20 µl samples, 1 ml working reagent 
was added. Working reagent was prepared by making the vial and 
Aqua-4 to attain the room temperature (15-30o C) and then adding 
Aqua-4 (100 ml) to the contents of each vial and mixing gently to 
completely dissolve. Working reagent and sample were mixed and 
incubated for five minutes at 37o C. At the same time blank and 
standard solution were taken. Absorbance of the standard and 
each test was read at 546 nm against reagent blank [2].

Calculating the RLCq Stress Score
All the subjects were asked to choose and tick the events in the 
questionnaire that has been experienced by them in a period of 
six months. The numbers of the Life Changes Units (LCU) were 
totalled for the final score. A score of 300 or more indicated high 
stress in the life of the individual [6]. 

STATISTICAL ANALySIS
Data analysis were performed using the software, statistical 
package SPSS (version 20.0). The descriptive statistics for each 
of study variables for both the study and control groups were 
calculated. Unpaired student’s t-test was used to compare the 
study variables among themselves and with patient’s characteristics 
such as gender, ulcer episodes in one year, ulcer per episode, 
duration of ulcer episodes. In all the analysis significance level were 
taken to be 0.05 (p-value<0.05). Pearson’s correlation was used 
to compare between study variables and the ulcer experience to 
find out the probability of occurrence of aphthous ulcers in relation 
to the variables.

RESULTS
In the present study, out of the 60 subjects, 23 were males and 37 
were females. The mean age in the control and study group were 
found to be 30.93 and 33.13 respectively.

The mean values of salivary oxidants and antioxidants were 
compared to the gender, ulcer episodes in one year, number of 
ulcers per episode and duration of ulcer episodes of all the cases. 
No significant association was noted between the mean values 
of SOD (p=0.437), MDA (p=0.723), GSHPx (p=0.519) and UA 
(p=0.530) with gender; between SOD (p=0.464), MDA (p=0.941), 
GSHPx (p=0.079) and UA (p=0.067) and ulcer episodes in 1 year; 
and between the mean values of SOD (p=0.987), MDA (p=0.738), 
GSHPx (p=0.408) and UA (p=0.506) with the duration of ulcer 
episodes.

Although a statistically significant association was observed bet-
ween the mean value of UA and ulcers per episode (p=0.038), no 
association could be noted with SOD (p=0.980), MDA (p=0.541) 
and GSHPx (p=0.605). 

The mean and standard deviation of SOD, MDA and stress score 
was highest for RAS group than the controls; whereas, it was 
lowest for GSHPx and UA [Table/Fig-1]. Both physical and mental 
stresses were highest in RAS group than the controls.

On comparing the salivary oxidant-antioxidant levels and stress 
score between study and control groups, the difference of each 
variable between the groups were statistically significant (p=0.001). 
The difference between the mean value of mental stresses in the 
study and control group was statistically significant (p=0.015). 
Whereas, the difference in physical stresses of the study and control 
group was statistically insignificant (p=0.069) [Table/Fig-2].

In the study group, 18 subjects were positive for high levels of 
stress (RLCQ stress score>300) whereas, only four subjects 
showed higher levels of stress in the control group. Rest of the 
subjects showed lower levels of stress score (RLCQ stress score 
<300) [Table/Fig-3]

No significant association was observed on comparing the mean 
values of SOD, GSHPx and UA with high levels of stress score in 
the study group and in the control group. On comparing the mean 
value of MDA with high levels of stress score in the study group, 
a significant association was observed (p=0.011). However, no 
significant association could be noted in the control group (p= 
0.288) [Table/Fig-3]. 

Pearson’s correlation between the study variables and the presence 
of RAS showed a positive correlation between stress, SOD and 
MDA indicating an increase in probability of occurrence of RAS 
proportional to an increase in the variables. However, Pearson’s 
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Study variables p-value (with Presence of raS) Pearson’s Correlation

RLCQ Stress Score 0.000 0.437

SOD 0.000 0.534

MDA 0.000 0.594

GSHPx 0.000 - 0.575

UA 0.000 - 0.491

[Table/Fig-4]: Pearson’s correlation between study variables and presence of RAS.

[Table/Fig-3]: Comparison of salivary oxidant and antioxidant levels with stress score.
* Unpaired student’s t-test, (*p<0.05 significant)

rLCQ 
StreSS 
SCOre

GrOuP i (CaSeS) GrOuP ii (COntrOLS)

no. SOD
(Mean)

MDa
(Mean)

GShPx
(Mean)

ua
(Mean)

no. SOD
(Mean)

MDa
(Mean)

GShPx
(Mean)

ua
(Mean)

< 300 12 1.35 1.46 1.75 4.21 26 0.73 0.83 2.24 5.84

>300 18 1.22 1.44 1.50 3.86 4 0.61 0.78 1.84 5.41

p value 0.196 0.011* 0.261 0.961 0.475 0.288 0.378 0.562

correlation was negative for GSHPx and UA suggesting that the 
probability of occurrence of RAS increases with a decrease in 
value of the variables [Table/Fig-4].

DISCUSSION
The aetiologic factors of RAS may disturb the oxidant/antioxidant 
equilibrium of the individual, thereby accelerating the formation 
of Reactive Oxygen Species (ROS). Oxidative stress (OS) occurs 
when the concentrations of ROS increase above physiologic 
values, leading to cellular damage [2]. Various antioxidant systems 
are produced by the body to detoxify the ROS. This imbalance 
between the free radicals and antioxidants are believed to cause 
many inflammatory pathologies [7]. Assessment of the levels of the 
antioxidant enzyme activities such as those of SOD, CAT, GSHPx 
and the non enzymatic activities of Vitamin A, E, C, melatonin, 
UA and glutathione help to evaluate the antioxidant status of the 
individual [2].

Primary defense against ROS is by catalytic removal of ROS 
by antioxidant enzymes. SODs are a family of metalloenzymes 
found in all aerobic organisms and are the first enzymes to be 
involved in antioxidant defense. They catalyse the dismutation of 
superoxide to hydrogen peroxide, three forms of SODs are present 
in mammalian tissues each with a specific subcellular location and 
different tissue distribution. They are Copper Zinc SOD (CuZn-
SOD); Manganese SOD (Mn-SOD); and Extracellular SOD (EC-
SOD). While CuZn-SOD is found in the cytosol and organelles 
of all mammalian cells, Mn-SOD are present in the mitochondria 
of cells. EC-SOD is a copper and zinc containing SOD that is 
detectable in extracellular fluids [8]. During OS, cell responds to 
reactive oxygen metabolites with SOD. SOD protects the cell from 
damage caused by superoxide (O2

-) and hydroxyl radical, releasing 
H2O2 in the process. While SOD lowers the steady state level of 
O2

-, catalase and peroxidases do the same for H2O2.

Glutathione peroxidase also forms the first line of defense against 
OS, which in turn requires glutathione as a co-factor. It detoxifies 
peroxides, by acting as an electron donor in the reduction reaction 
producing glutathione disulphide as an end product [9]. The activity 
of the enzyme is however dependent on the constant availability of 
reduced glutathione [8].

Saliva also contains non enzymatic antioxidants such as UA, 
albumin and ascorbic acid. UA appears to be the dominant 
antioxidant present in saliva, responsible for 70% of the total 
antioxidant capacity [10]. UA scavenges radicals; being converted 
in the process to allantoin [8]. UA has been found to be an 
important salivary biomarker with clinical importance in monitoring 
the OS [11].

While UA is the most important antioxidant molecule in saliva, 
MDA is a suitable biomarker of endogenous DNA damage. 

Reactive oxygen metabolites lead to destruction and damage 
to cell membranes by lipid peroxidation, which results from 
the oxidation of membrane-associated polyunsaturated fatty 
acids of phospholipids. MDA is the principal end product of 
polyunsaturated fatty acid peroxidation and is a good marker of 
free radical mediated damage and OS.

The present study showed a female predominance since male 
subjects having tobacco smoking or chewing habits and alcohol 
consumption were excluded. No correlation was observed between 
the study variables and gender, the number of ulcer episodes in 
one year and the duration of ulcers. This was comparable to the 
study by Akoglu G et al., [12].

In the present study, the mean value of salivary SOD and MDA 
was increased while the activity of GSHPx and UA decreased in 
the study group when compared to the controls. The infiltration 
of immune cells into the lesional area must have resulted in an 
increase in concentration of free radicals. More of SODs are 
needed to bring about dismutation of the superoxide radicals 
which resulted in its higher levels. The dismutation reaction results 
in the over production of H2O2. While GSHPx functions to detoxify 
the H2O2, reduced glutathione gets consumed in the process. The 
unavailability of reduced glutathione may have reduced the levels 
of GSHPx in the saliva. 

These results were in accordance with studies by Saxena S et al., 
and Karincaoglu Y et al., [2,13] however, UA levels were found to 
be raised in the study by Saxena S et al., which was believed to 
be due to a transfer of the antioxidant molecules from the plasma 
to the site of the ulcer for better function [2]. The results obtained 
were contrary to that of Momen Beitollahi J et al., who noticed a 
decrease in SOD and an increase in GSHPx. The decrease in SOD 
activity was suggested to be due to its increased consumption, 
leading to over production to H2O2. GSHPx being the dominant 
antioxidant participating in getting rid of H2O2, the increased 
amount may be due to genetic control mechanisms and feedback 
effects of H2O2 on mRNA expression. They reported that although 
changes in SOD activity are important, the other defenses such 
as GSHPx and CAT do not seem to play a primary role in the 
aetiopathogenesis [14].

Due to a decrease in salivary GSHPx and UA levels, the combined 
antioxidant potential is impaired in the individual. This impairment 
may have activated the peroxidation reactions which explain the 
increase in MDA levels. Also, the increase in levels of MDA may be 
due to its increased formation or inadequate clearance of ROS by 
the antioxidants. This increased scavenging by the lipid peroxides 
may decrease the levels of antioxidant enzymes such as GSHPx 
and UA [15]. Contrary to this result, Khademi H et al., found no 
significant difference in the levels of MDA between RAS patients 
and normal controls. Variation in method of saliva sampling, 
genetic divergence of the population or some other acquired or 
environmental situation, may be the reason for this variation in 
result [16].

However, in the study by Cağlayan F et al., [7], no significant 
difference was found between OS parameters between RAS and 
controls, suggesting that ROS may not play a role in its aetiology.

There is also evidence of psychosocial stress as a triggering or 
modifying factor for RAS episodes. Studies by Galecki P et al., 



Sherin Ziaudeen and Rathy Ravindran, Oxidant, Antioxidant Status and Stress Factor in Recurrent Aphthous Stomatitis Patients www.jcdr.net

Journal of Clinical and Diagnostic Research. 2017 Mar, Vol-11(3): ZC01-ZC0444

and Bouayed J et al., have linked a relationship between OS 
and anxiety [17,18]. Psychosocial stress has shown to induce 
immunoregulatory activity as well as an effect on OS. In the present 
study, the mean RLCQ stress score was increased in RAS when 
compared to the controls. Also, high level mental stresses were 
obtained than physical stresses. Stress could be a triggering or 
modifying factor for the occurrence of RAS. Similar results were 
shown by Huling LB et al., De Barros Gallo C et al., and Soto 
Araya M et al., who found a higher level of psychological stress 
among the RAS group [19-21].

No significant association of stress was observed with the levels 
of salivary oxidants and antioxidants in the RAS group. The mean 
values of SOD, MDA, GSHPx and UA were raised in RAS patients 
with increased stress. This was similar to results shown by Galecki 
P et al., [17]. On the contrary, Reginald B and Kiran G found a 
decrease in salivary peroxidases levels in highly stressed RAS 
patients [3]. They stated that due to increased stress levels, the 
body’s regulatory mechanism would have failed leading to an 
imbalance in the oxidant/antioxidant activity that further resulted 
in decreased enzyme levels. 

The probability of occurrence of RAS was found to be related to 
the levels of stress, oxidant and antioxidant markers. A higher 
chance of occurrence of aphthous ulcers is predicted to occur 
with an increase in stress, SOD and MDA, and a decrease in 
levels of GSHPx and UA. These findings emboss the importance 
of psychological stress, oxidant-antioxidants status in the aetio-
pathogenesis of aphthous ulcers, suggesting antioxidant as a 
treatment modality. However, further study to evaluate the outcome 
of RAS after treatment with antioxidants is recommended. 

LIMITATION
The present study was a case control study which evaluated the 
parameters at one point of time.

CONCLUSION
In the present study, the mean values of SOD and MDA in the study 
group showed a significant increase when compared to the control 
group, whereas, GSHPx and UA showed a significant decrease in the 
study group. The patients with RAS also showed a significant increase 
in stress levels, with high levels of mental stresses when compared to 
physical stress. Salivary antioxidant levels show a significant difference 
in response to OS, which might in turn be related to psychological 
stress, in RAS patients. A higher chance of occurrence of aphthous 

ulcers was predicted to occur with an increase in stress, SOD and 
MDA, and a decrease in levels of GSHPx and UA.
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