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OBJECTIVE: Recurrent aphthous stomatitis (RAS) is the
most common oral ulcerative condition affecting 5-25%
of the general population. The aim of this study was to
evaluate the oxidative stress parameters in saliva of
patients with RAS and to investigate the relationship
among these parameters in either group.

MATERIALS AND METHODS: The study involved 50
patients with RAS of whom 24 were male and 26 were
female, and 25 healthy controls of whom 13 were male
and 12 were female.

RESULTS: There was no statistically significant differ-
ence in the salivary total antioxidant capacity, total oxi-
dant status, oxidative stress index levels, and
myeloperoxidase activity between patients with RAS and
those in the control group.

CONCLUSIONS: The results show that reactive oxygen
species may not play a role in the etiology of RAS.
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Introduction

Recurrent aphthous stomatitis (RAS) is an inflamma-
tory condition of unknown etiology characterized by
painful recurrent, single or multiple ulcerations of the
oral mucosa. RAS is the most common oral ulcerative
condition affecting 5-25% of the general population
(Shashy and Ridley, 2000; Scully et al, 2002; Porter and
Leao, 2005; Jurge et al, 2006) and in selected groups, it
reaches a prevalence of more than 50% (Shashy and
Ridley, 2000; Scully et al, 2002). The peak age of RAS
onset is during childhood, with a tendency to decrease in
severity and frequency with age (Field and Allan, 2003).
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Localized burning or pain can be seen as a prodromal
symptom 24-28 h before classical clinical appearance.
Typical RAS lesions involve self-limited, painful, round
or oval 1-3 mm ulcers, each with a shallow necrotic
center. These ulcers are covered with a grayish yellow
pseudomembrane and are surrounded by minimally
raised margins and an erythematous halo representing
superficial wvasculitis and extravasated erythrocytes
located in the superficial layers of the lamina propria
(Scully et al, 2002).

Stanley classified RAS as minor, major, and herpeti-
form in 1972 (Natah et a/, 2004). Minor RAS (MiRAS)
is the common variety, affecting about 75-85% of RAS
patients (Scully et al, 2002; Field and Allan, 2003;
Natah ef al, 2004). It is a round or oval ulcer and
<10 mm in diameter. It heals within 10-14 days with-
out scarring. Major RAS (MaRAS) affects approxi-
mately 10% of all RAS patients (Scully et al, 2002; Field
and Allan, 2003; Natah et al, 2004). The lesions are
similar to those of MiRAS, but they are more than
10 mm in diameter. The ulcers of MaRAS persist up to
6 weeks or longer and often heal with scarring. Herpe-
tiform RAS (HuRAS) is the least common variety of
RAS and affects 5-10% of all RAS patients (Scully et al,
2002; Field and Allan, 2003; Natah et al, 2004).

Despite extensive investigations, the exact etiology of
RAS is still unknown. However, most patients who
suffer from RAS are usually healthy individuals. Factors
such as trauma (Scully ef al, 2002; Natah et al, 2004),
stress (Andrews and Hall, 1990; Scully et al, 2002), fam-
ily tendency (Scully et al, 2002; Field and Allan, 2003),
atopy (Veller-Fornasa et al, 2003), nutrition (Eversole
et al, 1982; Shashy and Ridley, 2000), drug reactions
(Heally and Tornhill, 1995; Boulinguez et al, 2000),
immune disturbance (Scully et al, 2002), hormonal
imbalance (Field and Allan, 2003; Natah et al, 2004),
and microbial factors (Scully et al, 2002; Field and
Allan, 2003; Jurge et al, 2006), which are thought to be
associated with the ectiology of RAS, can disturb the
equilibrium of oxidant/antioxidant status of the organ-
ism and can accelerate the formation of free radicals.
Reactive oxygen species (ROS) are the most common



free radicals in biologic systems. Oxidative stress occurs
when the intracellular concentrations of ROS increase
over the physiologic values. Several conditions, includ-
ing viral and bacterial infections, hyperthermia, ionizing
and UV irradiation, and environmental pollutants can
cause oxidative stress. The cytotoxic effects of free
radicals are harmful for mammalian cells, and they are
associated with atherosclerosis, diabetes, inflammatory
conditions, neurologic diseases, cancer, aging, etc.
(Sultan Beevi et al, 2004; Hoelzl et al, 2005; Meneses
et al, 2005; Ziyatdinova et al, 2006). However, mam-
malian cells have developed elaborate antioxidant
defense systems to prevent oxidative damage and to
allow survival in an aerobic environment.

Myeloperoxidase (MPO) is a heme-containing enzyme
found in azurophilic granules of human neutrophils
(Floris and Wever, 1992; Wei et al, 2004; Kaner et al,
2006). As the enzyme has a unique ability to catalyze the
H,0,-dependent peroxidation of CI~ to HOCI, which is
an anti-microbial agent, MPO is thought to play an
important role in the killing of micro-organisms and it
shows non-specific peroxidase activity (Floris and Wever,
1992; Liskmann et al, 2004; Wei et al, 2004). MPO is
considered to reflect the strength of oxidative stress. There
are a lot of articles in the literature mentioning that
microbial agents play a role in the etiology of RAS (Scully
et al,2002; Natah et al, 2004; Jurge et al, 2006). As MPO
has an anti-microbial property, it may be important in
RAS patients.

To our knowledge, there is simultaneously no study
on the total antioxidant capacity (TAC), total oxidant
status (TOS), oxidative stress index (OSI) levels, and
MPO activity in the saliva of patients with RAS.
Therefore, in the present study, we investigated these
parameters of oxidative stress in the saliva of patients
with RAS.

Materials and methods

Patients

The Health Science Institute Ethics Committee of
Ataturk University approved the study. The study
involved 50 patients with RAS of whom 24 were male
and 26 were female, and 25 healthy controls of whom 13
were male and 12 were female. The RAS patients had
oral ulcer attack at least three times a year and all of
them were minor aphthae. Patients were otherwise
healthy. They were not under a therapeutic regimen
for the past 3 months. Patients with Behget’s disease,
trauma history, and any systemic diseases were not
included in the study. Patients who were smokers and
had periodontal problems were also not included in the
study. The control group included 25 healthy volunteers
who denied having RAS, using medications and
smoking.

Saliva samples

Saliva samples were taken with the consent of patients.
Samples were obtained in the morning following an
overnight fast. The patients were first asked to rinse
their mouth using distilled water. After 5 min, we
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started to gain unstimulated saliva samples. Then the
patients were told to sit comfortably and to spit into the
plastic tubes five times per min for 5 min. The samples
were then stored at —80°C until biochemical analyses.

Measurement of TAC

Saliva TAC levels were determined using a novel
automated colorimetric measurement method developed
by Erel (2004a). In this method, the hydroxyl radical,
the most potent biologic radical, is produced by the
Fenton reaction and reacts with the colorless substrate
O-dianisidine to produce the dianisyl radical, which is
bright yellowish brown in color. Upon the addition of a
sample, the oxidative reactions initiated by the hydroxyl
radicals present in the reaction mix are suppressed by
the antioxidant components of the sample preventing
the color change and thereby providing an effective
measure of the total antioxidant capacity of the sample.
The assay has excellent precision values, which are lower
than 3%. The results are expressed as micromolar
Trolox equivalent per liter (mmol Trolox equivalent I™1).

Measurement of TOS

Measurement of TOS was determined by using a novel
automated measurement method, developed by Erel
(2005). Oxidants present in the sample oxidize the ferrous
ion-o-dianisidine complex to ferric ion. The oxidation
reaction is enhanced by glycerol molecules, which are
abundantly present in the reaction medium. The ferricion
forms a colored complex with xylenol orange in an acidic
medium. The color intensity, which can be measured
spectrophotometrically, is related to the total amount of
the oxidant molecules present in the sample. The assay is
calibrated with hydrogen peroxide and the results are
expressed in terms of micromolar hydrogen peroxide
equivalent per liter (mmol H,O, equivalent I71).

0SI

The percent ratio of TOS to TAC yields the OSI, an
indicator of the degree of oxidative stress (Kosecik et al,
2005). OSI (arbitrary unit) = TOS (mmol H,O, equiv-
alent I™')/TAC (mmol Trolox equivalent I7").

Measurement of M PO concentration

The method described by Wei and Frenkel (1993) was
used for the tissue MPO activity assay, and data are
expressed as U g™! protein.

Statistical analysis

The results were expressed as mean =+ s.e.m. Statistical
analysis was undertaken using the Student’s z-test (two-
tailed) and Pearson’s correlation test. A P-value <0.05
was accepted to be statistically significant. Statistical
analysis was performed with Statistical Package for the
Social Sciences for Windows (spss, version 11.0, SPSS
Inc., Chicago, IL, USA).

Results

The demographic data of the subjects are summarized in
Table 1. There were no significant differences in age and
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Table 1 Demographic data of recurrent aphthous stomatitis patients
and controls

Patients (n = 50) Controls (n = 25) P

Age (years) 27.50 + 8.54 24.13 £ 5.68  >0.05
Gender (female /male) 26/24 12/13 >0.05
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Figure 1 Myeloperoxidase, total antioxidant capacity, total oxidant
status, oxidative stress index values of RAS patients
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Figure 2 Myeloperoxidase, total antioxidant capacity, total oxidant
status, oxidative stress index values of healthy controls

Table 2 Oxidant / antioxidant parameters and myeloperoxidase levels
of recurrent aphthous stomatitis patients and controls

Parameters RAS (n = 50) Controls (n = 25) P
TAC (mmol Trolox 41.47 + 16.24 43.62 + 8.23 >0.05
equivalent 171

TOS (mmol H,O, 4.11 + 0.86 431 + 0.78 >0.05
equivalent 171

OSI (arbitrary unit) 0.11 £ 3.23 0.10 £ 1.55 >0.05
MPO (U g1 19.22 + 18.97 21.36 + 14.73 >0.05

TAC, total antioxidant capacity; TOS, total oxidant status; OSI,
oxidative stress index; MPO, myeloperoxidase.

gender between patients with RAS and controls. The
MPO, TAC, TOS, and OSI values of RAS patients and
controls are shown in Figures 1 and 2. As seen in
Table 2, no statistically significant difference was found
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in the salivary TAC, TOS, OSI, and MPO levels of RAS
patients and controls. Furthermore, there was a positive
correlation between OSI and TOS and a negative
correlation between OSI and TAC.

Discussion

In this study, we investigated whether there is any
alteration in TAC, TOS and OSI values, and MPO
activity in patients with RAS. We found unchanged
TAC, TOS and OSI values, and MPO activity in RAS
patient when compared with those of the control group.

Normal cell functions and integrity of cell structures
may be broken via considerable activity of ROS. The
organism has enzymatic (e.g. superoxide dismutase,
catalase, glutathione peroxidase) and non-enzymatic
(e.g. vitamin C, vitamin E) antioxidant mechanisms
that work as scavenger for this harmful ROS. Radical-
scavenging antioxidants are consumed by the increased
free-radical activity associated with several conditions,
and the total antioxidant response has been used to
indirectly assess free-radical activity. The effects of
various antioxidants in plasma and other biologic
samples are additive and the cooperation of antioxi-
dants in human serum provides protection against
attacks by free radicals. Therefore, the measurement of
TAS may reflect accurately the antioxidant status of the
organism (Erel, 2004a,b; Bolukbas et al, 2005).

Moreover, it is widely accepted that imbalance
between free radicals and antioxidants causes many
inflammatory oral pathologies (Battino et a/, 2002;
Nagler et al, 2002; Yang et al, 2002; Brock et al, 2004;
Sultan Beevi et al, 2004; Karincaoglu et al, 2005). Saliva
is the first defense against the oxidative stress that is
caused by free radicals, because chewing function may
cause lipid peroxidation. Lately, in the literature, it is
emphasized that attacks of free radicals on the oral
mucosa may lead to many situations, from infection to
cancer (Nagler et al, 2002; Yang et al, 2002; Sultan
Beevi et al, 2004). Dayan et al (1997) showed the
anticancer property of saliva by using animal models.
We used whole and unstimulated saliva to detect the
oxidant/antioxidant parameters in this study. Whole
saliva is the most relevant, as it contains gingival
crevicular fluid, immune cells, and tissue metabolites
and reflects more closely the predominant intra-oral
condition. Stimulation may increase the flow of gingival
crevicular fluid and this may result in false increases in
the concentration of antioxidants in the saliva (Buduneli
et al, 20006).

As the involvement of inflammatory mechanisms has
been suggested in the pathogenesis of RAS,
oxidant /antioxidant systems were investigated in
patients with RAS. This methodology has previously
been used in various inflammatory disorders such as
inflammatory bowel diseases, ulcerative colitis, and
psoriasis (Cimen et al, 2003). Cimen et al (2003) found
that enzymatic and non-enzymatic antioxidant defense
systems were impaired in erythrocytes and plasma
samples of RAS patients. Ohashi ef a/ (1999) found
elevated salivary nitric oxide (NO-) levels in RAS



patients in comparison with controls. Gunduz et al
(2004), however, could not find a significant difference
on plasma NO- levels between RAS patients and
controls. Karincaoglu ef al (2005) found oxidant
and antioxidant parameters to be diverse in the saliva
and plasma of RAS patients. They found no differences
in the salivary uric acid (UA) levels of RAS patients and
controls. UA is one of the most important antioxidant
molecules in the saliva and compose 70-85% of TAC
(Battino et al, 2002; Nagler et al, 2002; Karincaoglu
et al, 2005). Moreover, we could not find any significant
difference between salivary TAC of RAS patients and
controls. Furthermore, there were no significant differ-
ences in salivary TOS levels of RAS patients and
controls. So, there was no difference in OSI values in
the saliva of RAS patients and control group.

The exact etiology of RAS is unknown. Probably, its
etiology is multifactorial with many predisposing factors
and immunologic bases. We found no significant differ-
ence in the salivary oxidant /antioxidant parameters of
RAS patients and controls. Oxidant /antioxidant sys-
tems do not play a role in the pathogenesis of recurrent
aphthous stomatitis whole saliva. These findings also
show the need for further studies on this subject.

Author contributions

Fatma Caglayan, Ozkan Miloglu and Oguzhan Altun con-
tributed in the study design, Ozcan Erel contributed in the
biochemical analyses, and A. Berhan Yilmaz contributed in
drafted papers.

References

Andrews VH, Hall HR (1990). The effects of relaxation/imag-
ery training on recurrent aphthous stomatitis: a preliminary
study. Psychosom Med 52: 526-535.

Battino M, Ferreiro MS, Gallardo I, Newman HN, Bullon P
(2002). The antioxidant capacity of saliva. J Clin Periodontol
29: 189-194.

Bolukbas C, Bolukbas FF, Horoz M, Aslan M, Celik H, Erel
O (2005). Increased oxidative stress associated with the
severity of the liver disease in various forms of hepatitis B
virus infection. BMC Infect Dis 31: 95.

Boulinguez S, Cornee-Leplat I, Bouyssou-Gauthier ML,
Sparsa A (2000). Role of drug exposure in aphthous
ulcers: a case—control study. Br J Dermatol 143: 1261—
1265.

Brock GR, Butterworth CJ, Mathews JB, Chapple ILC (2004).
Local and systemic total antioxidant capacity in periodon-
titis and health. J Clin Periodontol 31: 515-525.

Buduneli N, Kardegler L, Isik H et a/ (2006). Effects of
smoking and gingival inflammation on salivary antioxidant
capacity. J Clin Periodontol 33: 159—-164.

Cimen MYB, Kaya TI, Eskandari G, Tursen U, Ikizoglu G,
Atik U (2003). Oxidant/antioxidant status in patients with
recurrent aphthous stomatitis. Clin Exp Dermatol 28: 647—
650.

Dayan D, Hirshberg A, Kaplan I, Rotem N, Bodner L (1997).
Experimental tongue cancer in desalivated rats. Oral Oncol
33: 105-109.

Erel O (2004a). A novel automated method to measure total
antioxidant response against potent free radical reactions.
Clin Biochem 37: 112-119.

Recurrent aphthous stomatitis and oxidative stress
F Caglayan et al

Erel O (2004b). A novel automated direct measurement method
for total antioxidant capacity using a new generation, more
stable ABTS radical cation. Clin Biochem 37: 277-285.

Erel O (2005). A new automated colorimetric method for
measuring total oxidant status. Clin Biochem 38: 1103—1111.

Eversole LR, Shopper TP, Chambers DW (1982). Effects of
suspected foodstuff challenging agents in the etiology of
recurrent aphthous stomatitis. Oral Surg Oral Med Oral
Pathol 156: 33-38.

Field EA, Allan RB (2003). Review article: oral ulceration —
aetiopathogenesis, clinical diagnosis and management in the
gastrointestinal clinic. Aliment Pharmacol Ther 18: 949-962.

Floris R, Wever R (1992). Reaction of myeloperoxidase with
its product HOCI. Eur J Biochem 207: 697-702.

Gunduz K, Ozturk G, Sozment EY (2004). Erythrocyte
superoxide dismutase, catalase activities and nitrite and
nitrate levels in patients with Behget disease and recurrent
aphthous stomatitis. Clin Exp Dermatol 29: 176-179.

Heally CM, Tornhill MH (1995). An association between
recurrent orogenital ulceration and nonsteroidal anti-
inflammatory drugs. J Oral Pathol Med 24: 46-48.

Hoelzl C, Bichler J, Ferk F et al (2005). Methods for the
detection of antioxidants which prevent age related diseases:
a critical review with particular emphasis on human
intervention studies. J Physiol Pharmacol 56: 49-64.

Jurge S, Kuffer R, Scully C, Porter SR (2006). Recurrent
aphthous stomatitis. Oral Dis 12: 1-21.

Kaner D, Bernimoulin JP, Kleber BM, Heizman WR, Fried-
mann A (2006). Gingival crevicular fluid levels of calpro-
tectin and myeloperoxidase during therapy for generalized
aggressive periodontitis. J Periodontal Res 41: 132—139.

Karincaoglu Y, Batcioglu K, Erdem T, Egrefoglu M, Geng M
(2005). The levels of plasma and salivary antioxidants in the
patient with recurrent aphthous stomatitis. J Oral Pathol
Med 34: 7-12.

Kosecik M, Erel O, Sevinc E, Selek S (2005). Increased
oxidative stress in children exposed to passive smoking. Int J
Cardiol 100: 61-64.

Liskmann S, Zilmer M, Vihalemm T, Salum O, Fischer K
(2004). Correlation of peri-implant health and myeloperox-
idase levels: a cross sectional clinical study. Clin Oral
Implants Res 15: 546-552.

Meneses SR, Marques KL, Pires CK et al (2005). Evaluation
of the total antioxidant capacity by using a multipumping
flow system with chemiluminescent detection. Anal Biochem
345: 90-95.

Nagler RM, Klein I, Zarzhevsky N, Drigues N, Reznick AZ
(2002). Characterization of the antioxidant profile of human
saliva. Free Radic Biol Med 32: 268-277.

Natah SS, Konttinen YT, Enattah NS, Ashammakhi N,
Sharkey KA, Hiyrinnen-Immonen R (2004). Recurrent
aphthous ulcers today: a review of the growing knowledge.
Int J Oral Maxillofac Surg 33: 221-234.

Ohashi M, Iwase M, Nagumo M (1999). Elevated production
of salivary nitric oxide in oral mucosal diseases. J Oral
Pathol Med 28: 355-359.

Porter SR, Leao IC (2005). Review article: oral ulcers and its
relevance to systemic disorders. Aliment Pharmacol Ther 21:
295-306.

Scully C, Gorsky M, Nur FL (2002). Aphthous ulcerations.
Dermatol Ther 15: 185-205.

Shashy RG, Ridley MB (2000). Aphthous ulcers: a difficult
clinical entity. Am J Otolaryngol 21: 389-393.

Sultan Beevi SS, Hasansal Rasheed AM, Geetha A (2004).
Evaluation of oxidative stress and nitric oxide levels in
patients with oral cavity cancer. Jpn J Clin Oncol 34: 379—
385.

703

Oral Diseases



Recurrent aphthous stomatitis and oxidative stress
F Caglayan et al

704 Veller-Fornasa C, Bezze G, Rosin S, Lazzaro M, Tarantello

M, Cipriani R (2003). Recurrent aphthous stomatitis and
atopy. Acta Derm Venereol 83: 469—470.

Wei H, Frenkel KF (1993). Relationship of oxidative events
and DNA oxidation in SENCAR mice to in vivo promoting
activity of phorbol ester-type tumor promoters. Carcino-
genesis 14: 1195-1201.

Wei P-F, Ho K-Y, Ho Y-P, Wu Y-M, Yang Y-H, Tsai C-C
(2004). The investigation of glutathione peroxidase, lacto-
ferrin, myeloperoxidase and interleukin-1f in gingival cre-
vicular fluid: implications for oxidative stress in human
periodontal diseases. J Periodontal Res 39: 287-293.

Oral Diseases

Yang J, Lam EWN, Hammad HM, Oberley TD, Oberley LW
(2002). Antioxidant enzyme levels in oral squamous cell
carcinoma and normal human oral epithelium. J Oral Pathol
Med 31: 71-77.

Ziyatdinova GK, Budnikov HC, Pogorel’tzev VI, Ganeev TS
(2006). The application of coulometry for total antioxidant
capacity determination of human blood. Talanta 68: 800—
805.



Copyright of Oral Diseases is the property of Blackwell Publishing Limited and its content may not
be copied or emailed to multiple sites or posted to a listserv without the copyright holder's
express written permission. However, users may print, download, or email articles for individual
use.



