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Abstract This study aimed to correlate the oxidative
stress marker levels in saliva with the clinical stage based
on mouth opening, fibrotic bands and histopathological
grades of oral submucous fibrosis (OSF) patients. The
study included patients clinically diagnosed with OSF
(n = 63) and equal number of age and gender matched
controls. Patients with OSF were defined by mouth opening
stage, fibrotic bands and histopathological grades.
Unstimulated saliva from both control and OSF patients
were analysed for oxidative markers like lipid peroxides
(LPO), non-enzymic antioxidants [reduced glutathione
(GSH), vitamin A, vitamin E, vitamin C] and enzymatic
antioxidants [glutathione peroxidase (GPx), superoxide
dismutase (SOD)] and correlated with different stages and
grades. Total salivary protein and LPO were significantly
increased in OSF group with no significant change in the
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levels of GSH compared to controls. In OSF patients, a
significant decrease in the levels of vitamins A, C and E
was observed. The activities of salivary SOD and GPx
were significantly decreased in OSF patients compared to
controls. These changes significantly correlated with the
increasing and differing grades of OSF that reflects
increased oxidative stress with the progress of OSF.

Keywords Oral submucous fibrosis - Glutathione -
Glutathione peroxidase - Superoxide dismutase - Mouth
opening - Fibrotic bands

Introduction

Oral submucous fibrosis (OSF) is a chronic debilitating
disease that is frequently encountered in the people of
South-East Asian origin [1]. It is a connective tissue injury
strongly associated with the habit of betel chewing as
evidenced by increased incidence and areca nut consump-
tion [2]. The initial risk factor of OSF in betel chewers is
correlated with arecoline exposure [3]. Arecoline induces
myofibroblast transdifferentiation that has a pathological
role in tissue fibrosis [4]. Arecoline inhibits the activity of
metalloproteinase (MMP)-2 and also a stimulator for tissue
inhibitor of metalloproteinase-1 (TIMP-1) activity in buc-
cal mucosal fibroblasts, which accounts for the excessive
accumulation of ECM proteins in OSF [5, 6]. OSF has the
highest tendency to undergo malignant transformation
among the various potentially malignant disorders of oral
cavity [7].

The phenolic compounds in areca-nut and catechu, to
which betel-quid chewers are exposed in relatively large
quantities are genotoxic at alkaline pH, probably by for-
mation of reactive oxygen species (ROS) [8]. Reactive


http://crossmark.crossref.org/dialog/?doi=10.1007/s12291-017-0689-7&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12291-017-0689-7&amp;domain=pdf
https://doi.org/10.1007/s12291-017-0689-7

Ind J Clin Biochem (July-Sept 2018) 33(3):348-355

349

oxygen species (ROS), and ROS—derived lipid peroxides
play an important role in the development and progression
of pre-cancerous and cancer conditions. Apart from miti-
gating ROS induced reactions, antioxidants exert a pro-
tective effect [9], like the role of vitamin A in the
stabilization of mucous membrane and its deficiency cau-
ses loss of mucous secreting cells and epithelial atrophy
[10].

Early detection of pathology helps in accurate diagnosis
to prompt therapeutic intervention, assess the prognosis,
and aids in the follow-up in patients. Diagnosis and mon-
itoring involves painful invasive procedures such as biop-
sies and serological examination, posing an unpleasant
experience. Salivary analysis is a simple, non-invasive
procedure and quite confirmatory procedure for diagnosis
and prognosis [11]. Saliva as a diagnostic fluid can serve as
a potent indicator of local and systemic disorders. Local-
ized biochemical changes and associated tissue changes at
cellular level with the progress of OSF are reflected in
saliva [11].

Salivary components act as primary defence against free
radicals generated during various physiological processes.
Alterations in salivary flow rate and its composition reflects
the response status and the presence of oral and systemic
diseases [12]. The gingival crevicular fluid (GCF) flow
increases during gingivitis, with the release of inflamma-
tory mediators into the saliva and thus producing alter-
ations in the antioxidant capacity of saliva [13]. Saliva
could thus replace the serum to precisely reflect the sys-
temic redox status [14]. Hence, this study was designed to
assess the oxidative status in saliva of OSF patients, as it is
a simple, economical diagnostic modality with excellent
patient compliance.

Materials and Methods
Study Group

The study group comprised of clinically diagnosed OSF
patients (n = 63), and healthy patients without tobacco/
areca nut habits as control group in equal numbers, who
were age and gender matched reporting to the Outpatient
Department of Oral medicine and Radiology, Faculty of
Dental Sciences, Sri Ramachandra University, Porur,
Chennai. All experiments were performed with the consent
of the patients, and institutional ethical committee approval
was obtained before the commencement of study IEC-N1/
09/AUG/11/21). Patients with hypertension, asthma,
tuberculosis, diabetes mellitus, bleeding disorders, cardio-
vascular diseases, epilepsy, degenerative joint disease and
those undergoing any treatment were excluded from the
study. Clinical grading of OSF was based on interincisal

distance [15] and the presence of fibrotic bands [16].
Histopathological grading was based on Pindborg and
Sirsat [17].

Collection of Saliva

Unstimulated Saliva was allowed to accumulate in the floor
of mouth and collected by drooling method in a test tube.
Saliva samples were stored at —20 °C until use.

Biochemical Analysis

The protein content in saliva was estimated by the method
of Lowry et al. [18]. The levels of lipid peroxides in saliva
was measured as thiobarbituric acid reactants (TBARS)
[19]. Non-enzymic antioxidants—glutathione [20]; vitamin
A [21]; vitamin E [22] and vitamin C [23] were also
measured. Enzymic antioxidants—Superoxide dismutase
[24] and Glutathione peroxidase [25] were assayed in
saliva.

Statistical Analysis

Results are expressed as Mean £ SD. Statistical analysis
was performed by y” test, ANOVA and correlation analysis
using statistical software SPSS v.23.

Results

In the study group comprising of OSF patients, a detailed
history including, duration of habit in years, frequency of
chewing per day, number of packets and stacking habit
were recorded. Clinical criteria for diagnosis of OSF were
applied, which included blanching of oral mucosa, leathery
texture, palpable fibrous bands and difficulty in mouth
opening. Clinical diagnosis were confirmed with incisional
biopsy and graded histopathologically.

Control group comprised of 61.9% (n = 39) patients
between 21 and 30 years; 26.9% (n = 17) between 31 and
40 years; 6.3% (n = 4) between 41 and 50 years; 1.6%
(n = 1) between 51 and 60; 3.1% (n = 2) >60 years of
age. In experimental group, 38.1% (n = 24) of patients
were between 21 and 30 years; 15.9% (n = 10) between
31 and 40 years; 31.7% (n = 20) between 41 and 50 years;
9.5% (n = 6) between 51 and 60; 4.8% (n = 3) >60 years
of age. Higher incidence of OSF was recorded in the
21-30 years (Fig. 1).

Control group comprised of 68.3% (n = 43) of males
and 31.7% (n = 20) of females. Experimental group
comprised of 84.1% (n =53) of males and 15.9%
(n = 10) of females (Fig.2). The incidence of OSF
between female: male was in the ratio of 1:5.3.
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Fig. 1 Age distribution in the study group
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Fig. 2 Gender distribution in study group

Figure 3 depicts the clinical grading based on mouth
opening in OSF group. The study group contained 31.7%
(n = 20) under grade I; 41.3% (n = 26) under grade II,
23.8% (n = 15) under Grade III and 3.2% (n = 2) under
Grade IV.

Figure 4 shows the distribution of OSF patients based on
the clinical grading of fibrotic bands. The study group
contained 31.7% (n = 20) in Grade I; 36.6% (n = 23) in
Grade II, and 31.7% (n = 20) in Grade III.

Figure 5 shows distribution of subjects based on
histopathological grade. The study group comprised of
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Fig. 3 Distribution of subjects based on the clinical staging of mouth
opening
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Fig. 4 Distribution of subjects based on the clinical staging of
fibrotic bands
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Fig. 5 Distribution of subjects based on histopathological grading

4.8% (n = 3) in Grade 1; 11.1% (n = 7) in Grade 2; 6.3%
(n = 4) in Grade 3 and 77.8% (n = 49) were in Grade 4.

Table 1 summarizes the distribution of OSF patients
based on mouth opening, fibrotic bands and histological
grade. The number of patients defined based on mouth
opening stage are: Stage 1 = 20; Stage 2 = 26; Stage
3 = 15 and Stage 4 = 2, whereas based on fibrotic bands
are: Grade I = 20; Grade II = 23 and Grade III = 20.
Histologically, the number of patients in Stage I = 3; Stage
II = 7; Stage III = 4 and Stage IV = 49.

Table 2 summarizes the levels of protein, lipid perox-
ides(LPO), glutathione(GSH), vitamins-A, C, E and
activities of Superoxide dismutase (SOD) and glutathione
peroxidase (GPx) in saliva of experimental and control
groups. Total salivary protein was significantly increased in
OSF group (p < 0.001) compared to controls. The levels of
LPO was significantly increased (p < 0.001) in the OSF
group compared to control group. No significant decrease
in the levels of GSH was recorded in OSF patients com-
pared to controls. A significant decrease in the levels of
vitamins A (p < 0.001), vitamin C (p < 0.001) and vitamin
E (p < 0.001) were observed compared to controls. The
activities of salivary SOD (p <0.001) and GPx
(p < 0.001) were significantly decreased in OSF patients
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Table 1 Distribution of OSF patients clinically based on mouth opening grade, fibrotic band and histological grade
Mouth opening Fibrotic bands Mouth opening Histopathological grade
stage stage
Control Grade Grade  Grade Total Control Stage Stage  Stage Stage Total
I I 111 I )i 111 v
Control 63 0 0 0 63 Control 63 0 0 0 0 63
1 0 19 1 0 20 1 0 3 2 2 13 20
2 0 16 9 26 2 0 0 4 1 21 26
3 0 0 6 9 15 3 0 0 1 1 13 15
4 0 0 2 2 4 0 0 0 0 2 2
63 20 23 20 126 63 3 7 4 49 63
Table 2 Levels of protein, lipid — - —
peroxides (LPO), glutathione Parameter Control (n = 63) Experimental (n = 63) F value
(GSH), vitamins-A, C, E and Protein (mg/ml) 2.26 + 0.66 277 £ 0.60° 19.78
activities of superoxide .
dismutase (SOD) and LPO (uM of MDA/ml) 15.86 + 4.63 197.22 £+ 64.5 494.16
glutathione peroxidase (GPx) in ~ GSH (UM/ml) 474.6 £ 472 464.51 + 8415 0.68
saliva of control and OSF Vitamin A (pg/ml) 379.20 + 99.63 229.29 + 36.31° 125.88
patients Vitamin E (pg/ml) 558.47 + 88.88 403.58 + 93.44° 82.77
Vitamin C (pg/ml) 302.65 £+ 95.32 226.91 + 77.34° 23.98
SOD (U/100 mg protein) 1.42 + 0.28 0.72 + 0.22° 237.47
GPx (mM of GSH reduced/min/mg protein) 1.41 £ 0.38 0.85 £ 0.33° 75.47

Values are expressed as Mean = SD

Statistical significance is indicated for comparisons between control and SMF with ANOVA as * p < 0.05;
® p <0.01; © p < 0.001; NS non-significant

compared to controls. The results obtained were then cor-
related to clinical staging based on mouth opening, fibrotic
bands and histopathologic grade.

Table 3 depicts the levels of protein, lipid peroxides,
glutathione, vitamins-A, C, E and activities of Superoxide
dismutase (SOD) and glutathione peroxidase (GPx) in
saliva of OSF patients grouped based on clinical staging of
mouth opening. The increase in the levels of salivary
protein and lipid peroxides (LPO) were significant
(p < 0.001) at all stages compared to control. No signifi-
cant alterations were noted in salivary GSH levels com-
pared to control. The decrease in salivary vitamin A,
vitamin C and vitamin E levels was significantly
(p < 0.001) at all stages compared to control. Salivary
enzymic antioxidants—SOD and GPx were significantly
decreased (p < 0.001) compared to control. The increase in
the levels of salivary protein and LPO positively correlated
(p < 0.01) with the advancing stages of mouth opening
whereas no significant correlation was noted with the GSH
levels. The decreases in the levels of salivary vitamins-A,
C and E and activities of enzymic antioxidants—SOD, GPx
was significant (p < 0.01) and negatively correlated with
the advancing stages of mouth opening.

Table 4 shows the levels of salivary protein, LPO,
vitamins A, C, E and the activities of SOD and GPx in OSF

patients grouped on the basis of fibrotic bands. Salivary
protein and lipid peroxide levels were significantly
increased (p < 0.001) in all grades compared to control.
No significant changes were noted in salivary GSH levels
at all grades compared to control. Salivary vitamin A,
vitamin C and vitamin E levels were significantly
decreased (p < 0.001) at all grades compared to control.
Salivary enzymic antioxidants—SOD and GPx activities
were significantly decreased (p < 0.001) at all stages
compared to control. Correlation analysis showed a sig-
nificant positive correlation between the increases in sali-
vary protein and LPO and increasing grades of fibrotic
bands, whereas the decreases in salivary vitamin A, vita-
min C, vitamin E and enzymic antioxidants—SOD, GPx
negatively correlated (p < 0.01) with the increasing grades
of fibrotic bands.

Table 5 shows the levels of protein, LPO, vitamins A, C,
E and activities of SOD and GPx in saliva of patients
grouped on the basis of histological grades. The levels of
salivary protein (p < 0.01) and LPO (p < 0.001) were
significantly increased in all histological grades compared
to control. Salivary GSH levels showed no significant
alterations compared to control at all stages compared to
control. Salivary vitamin A, vitamin C and vitamin E levels
were significantly decreased (p < 0.001) at all grades
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Table 3 Levels of protein, LPO, GSH, vitamins-A, C, E and activities of SOD and GPx in saliva of control and OSF patients in different clinical

stage based mouth opening

Parameters Group Fvalue R?
Control Mouth opening
(n = 63)
Stage 1 Stage II Stage III Stage IV
(n = 20) (n = 26) (n = 15) n=2)
Protein (mg/ml) 2.27 £ 0.66 2.69 + 0.55° 2.77 £ 0.42°¢ 2.79 £ 0.90 3.45 £0.32 5.57° 0.366"
LPO (uM MDA/ml) 15.86 £ 4.63  187.19 + 65.59° 189.92 &+ 52.55° 220.35 & 82.54° 218.88 &+ 9.95°  128.08° 0.814*
GSH (uM/ml) 474.6 £ 472 475773 £ 85.14 453.8 +90.46 469.45 £ 80.48 454.69 4+ 2.20 0.49N  —0.83"s
Vitamin A (ug/ml) 379.20 + 99.63 230.96 + 27.2°  240.67 & 27.87° 219.04 + 41.78° 141.6 + 58.83° 32.54° —0.647"
Vitamin E (pg/ml) 558.47 & 88.88 441.80 + 80.58° 405.38 £ 96.69°  398.6 & 89.21° 239.50 & 14.84° 27.24°  —0.662*
Vitamin C (ug/ml) 302.65 £ 9532 259.3 £+ 93.51" 242.29 £+ 19.37° 166.06 £ 83.25° 152.76 + 61.25 9.91°  —0.484"
SOD (U/mg protein 1.42 £ 0.28 0.81 £+ 0.19° 0.70 £+ 0.20° 0.66 £+ 0.27° 0.479 £ 0.005°  61.8° —0.757*
GPx (mM of GSH 1.41 £ 0.38 1.007 £ 0.31° 0.88 £ 0.35° 0.69 £ 0.17° 0.29 £ 0.016° 2337°  —0.647"
reduced/min/mg
protein)

Values are expressed as Mean + SD

Statistical comparison by Dunnett’s post hoc test are expressed as * p < 0.05; b p < 0.01; € p <0.001; NS non-significant for comparisons:

control versus stage I, stage II, stage III and stage IV
For correlation analysis, as; #p < 0.01; NS non-significant

Table 4 Levels of protein, LPO, GSH, vitamins-A, C, E and activities of SOD and GPx in saliva of control and OSF patients in different clinical

stage based on fibrotic bands

Parameters Group Fvalue R?
Control Fibrotic bands
(n = 63)
Grade I (n = 20) Grade II (n = 23) Grade III
(n = 20)
Protein (mg/ml) 227 £0034 276 £0.52° 270 + 0.56" 2.85 + 0.74° 6.78° 0.343"
LPO (1M MDA/ml) 15.86 + 4.63  195.08 + 70.77° 21097 + 66.93°  183.54 & 54.64  168.65° 0.763"
GSH (uM/ml) 474.6 £472 478.02 + 87.65™°  471.65 £ 87.64N5  442.81 + 76.04™S 1268 —0.136N°
Vitamin A (pg/ml) 379.20 £ 99.63 228.56 + 26.17°  235.06 + 32.02°  223.40 + 48.52°  4145° —0.625"
Vitamin E (ug/ml) 558.47 & 88.88 42925 + 83.64°  427.08 & 79.69° 37130 &+ 110.71°  30.14° —0.441*
Vitamin C (pg/ml) 302.65 £ 9532 255.87 £ 9222  229.96 + 57.74°  194.42 + 71.76° 9.93°  —0.658"
SOD (U/mg protein 1.42 +0.28 0.79 + 0.18° 0.72 £ 0.21° 0.64 + 0.26° 81.24°  —0.754%
GPx (mM of GSH reduced/min/mg 1.41 £+ 0.38 1.01 + 0.32° 0.81 + 0.28° 0.75 + 0.37° 27.84°  —0.661%

protein)

Values are expressed as Mean £ SD

Statistical comparison by Dunnett’s post hoc test are expressed as * p < 0.05; ® p < 0.01; € p < 0.001; NS non-significant for comparisons:

control versus grade I, grade II and grade III

For correlation analysis, as *p < 0.01; NS non-significant

compared to control. The activities of salivary SOD
(p <0.001) and GPx (p < 0.001) were decreased com-
pared to control. Correlation analysis of salivary protein,
LPO levels with histological grades showed a positive
correlation (p < 0.01), whereas the decreases in the levels
salivary vitamin A, vitamin C, vitamin E and enzymic
antioxidants—SOD and GPx negatively correlated with all
histological grades.

@ Springer

Discussion

Oral submucous fibrosis (OSF) clinically presents as an
inflammation, blanching of the oral mucosa, with fibrotic
bands, leading to trismus [26]. The stacking of areca nut
quid mixture contacts the oral tissues and causes its con-
stant irritation by alkaloids in areca nut, including arecol-
ine, arecaidine, guvacine and guvacoline. The components
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Table 5 Levels of protein, LPO, GSH, vitamins-A, C, E and activities of SOD and GPx in saliva of control and OSF patients in different

histological grades

Parameters Group Fvalue R?
Control (n = 63) Histological grade
Grade I (n = 3) Grade I (n =7) Grade III (n = 4) Grade IV
(n = 49)
Protein (mg/ml) 2.27 + 0.66 2.89 £ 0.16 247 + 04178 2.77 £ 0.708 2.80 £ 0.63° 5.35° 0.37*
LPO (uM MDA/ 15.86 + 4.63 185.94 + 72.83°  155.44 + 40.20°  228.64 + 89.85° 201.31 + 64.02° 131.35¢ 0.869%
ml)
GSH (uM/ml) 474.6 £ 472 48195 + 117.1N 4192 4 61.07  438.02 & 132.93™  472.08 + 81.05 131N —0.034N8
Vitamin A (pg/  379.20 £ 99.63 21626 £+ 15.01°  241.14 + 31.62°  240.60 &+ 29.11° 22747 + 38.35°  30.9° —0.675"
ml)
Vitamin E (ng/  558.47 & 88.88  480.00 + 54.8™  373.85 + 87.87°  462.50 + 90.3N° 406.67 £ 95.45°  21.97° —0.425*
ml)
Vitamin C (ug/  302.65 &£ —95.32 266.76 + 89.92%  276.72 £ 90.36™° 217.38 + 122.73% 218.13 + 69.86° 6.89° —0.633"
ml)
SOD (U/mg 1.42 £ 0.28 0.77 £ 0.23* 0.64 & 0.23° 0.85 £+ 0.20* 0.71 £ 0.22° 59.29°  —0.767"
protein
GPx (mM of 1.41 £ 0.38 1.15 £ 0.077° 0.863 + 0.269° 1.04 £ 0.37° 0.82 £ 0.345° 19.85¢ —0.614*
GSH reduced/
min/mg
protein)

Values are expressed as Mean + SD

Statistical comparison by Dunnett’s post hoc test are expressed as * p < 0.05; ® p < 0.01; € p < 0.001; NS non-significant for comparisons:

control versus grade I, grade II, grade III and grade IV

For correlation analysis, as *p < 0.01 NS non-significant

of areca nut autoxidize in alkaline condition and produce
ROS [27]. The local injury caused by areca nut chewing
results in chronic inflammation, subsequent release of
inflammatory mediators, ROS and cytokines. Chronic ROS
mediated injury to the cells results in precancerous changes
in the oral mucosa and subsequently its malignant trans-
formation [8]. Despite proper counselling and motivation to
quit chewing pan/betel nut/gutka by health care providers,
incidence of OSF is high and its potential to undergo
malignant transformation necessitates curbing the disease at
the grass root level. The present study analysed the enzy-
matic and non-enzymatic antioxidants in saliva of patients
with OSF to assess the changes in oxidative status with the
progress of this potentially malignant disorder condition.

Salivary proteins such as o-amylase, proline-rich pro-
teins, histatins are synthesised within the salivary glands,
whereas salivary albumin is a derivative of serum [28].
Salivary protein composition reflects the cellular signal
interactions resulting from stress as well as various envi-
ronmental influences [29]. In cancer and pre-cancer
patients, the salivary protein concentration increases [30].
In the present study, salivary proteins increased in OSF
group and the increase positively correlated with progres-
sive clinical grades based on mouth opening, fibrotic bands
and histological grades.

Free radicals and antioxidants play a significant role in
oral cancer and carcinogenesis. Lower levels of ROS are
involved in cell growth, however, higher levels produce
damage to various components of the cell at the RNA,
DNA, protein and cell membrane levels to induce cyto-
toxicity and ultimately resulting in cell death [31]. Salivary
lipid peroxides reflect the local oral oxidative stress and is
increased in OSF, leukoplakia and cancer [32-35]. In the
present study, a significant increase in salivary lipid per-
oxide levels were observed in OSF group compared to
control group. The increases in salivary lipid peroxides
correlated with severity of mouth opening stage, fibrotic
grades and histologic grades of OSF. Increased LPO is
attributed to high copper levels in saliva of patients
chewing arecanut [36].

The inherent antioxidants in saliva include uric acid,
ascorbate, reduced glutathione (GSH) and o-tocopherol
[37]. In the presence of ascorbic acid or thiols, urate
scavenges the free radicals [38]. Albumin, catalase-positive
oral commensals along with fresh blood from injured
capillaries and enzymatic antioxidants like SOD, GPx and
catalase also serve as antioxidants [39]. Decrease of GSH
leads to cell cycle arrest, cytotoxicity and concomitant
epithelial atrophy in OSF [40]. In the present study,
absence of an increase in the salivary GSH levels could be
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due to the repression of GSH synthesising enzymes.
Absence of an increase in GSH levels is not only from
repression of synthesising enzymes, but also from
increased conjugation with arecoline [41].

Superoxide dismutase reduces superoxide (O, ) anion
generated in cells and acts as a pro-oxidant by producing
H,0,, which requires other antioxidant systems, such as
CAT and GPx enzymes to detoxify H>O, [42]. An imbalance
in the ratio of SOD to CAT/GPx is involved in the incidence
of many disease [43]. In the oral cavity, radiation induced
fibrosis is restored by SOD and thence the normal physio-
logical functions are retained [44]. In the present study,
however the activity of SOD was decreased in OSF, and
could have resulted in low levels of H,O,. Detoxification of
H,0; requires GPx and CAT. Detoxification of H,O, by GPx
occurs at lower concentration of H,O,, whereas CAT is
effective when GPx pathway reaches saturation with sub-
strate and at higher concentration of H,O,. In the present
study, lower activity of SOD could have resulted in higher
levels of superoxide anion and resulted in inhibition of CAT
[45]. Lower activity of GPx could be a consequence of
suboptimal generation of H,O,. Further GPx, is also
involved in the maintenance of GSH in reduced form [46].

Salivary vitamin A levels positively correlate to serum
vitamin A levels and the levels are lowered with advancing
stages of OSF [47]. In the present study, salivary vitamin A
levels decreased significantly with increasing grades and
stages of OSF. These results confirm the role of vitamin A
deficiency in fibrosis [48] and epithelial atrophy [9].
Ascorbic acid is an important free radical scavenger
antioxidant and its levels decrease with increased utiliza-
tion in collagen synthesis with increased lipid peroxidation
caused by the stimulation of fibroblasts [49]. The increase
in lipid peroxidation products in the present study could be
a contributing factor to the associated severity of disease
presentation.

In summary, the action of GSH, vitamin E and vitamin
C are synergistic, with vitamin E on the lipophilic domain
and vitamin C on the hydrophilic domain of the membrane.
Vitamin C and vitamin E together prevent the oxidation of
GSH and GSH is required in the regeneration of both
vitamin E and vitamin C [50]. The absence of any further
increase in the levels of GSH in saliva could have resulted
inlow levels of vitamin E and vitamin C in saliva of OSF
patients and thus increased the peroxidative damage in oral
cavity and favoured the progress of disease.

Conclusion
Salivary diagnostics has a phenomenal application in var-

ious basic medical and clinical research, however its
application in clinical use is limited. The current results

@ Springer

show that assessment of salivary oxidants and antioxidants
can be useful in monitoring the progress of OSF and also
aid in modifying the therapeutic strategy.
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