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Evaluation of oxidative stress markers in oral lichen planus
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Abstract

Background: Lichen planus (LP) is a chronic, inflammatory disease that affects the skin, mucous membrane,
scalp and nails that frequently involves the oral mucosa. Oxidative stress reflects an imbalance between the
production of reactive oxygen species and the biological system’s ability to readily detoxify the reactive
intermediates or repair the resulting damage. It has been suggested that oxidative stress may play a role
in the pathogenesis of LP.

Aim and Objectives: To evaluate the role of oxidative parameters in the pathogenesis of oral LP, estimate
the levels of superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GPx) and uric
acid (UA) in saliva of oral LP patients and to compare the levels of SOD, MDA, GP and UA in oral LP patients
with healthy controls.

Methodology: In this cross-sectional study, 1.5 ml of fasting saliva sample was collected using passive drool
method from the study group (30 patients diagnosed as having oral LP) and the control group (30 age-matched
healthy volunteers). The unstimulated saliva was collected were analyzed by spectrophotometry. Statistical
analysis was done to evaluate and compare the values between groups.

Results: The mean values of SOD and MDA in saliva in the study group showed a significant increase in
amount when compared with the control group whereas GPx showed a significant decrease in the study
group. UA value showed an insignificant difference in the same comparison.

Interpretation and Conclusion: Oxidative stress markers as MDA and SOD are elevated, and GPx is decreased
in the saliva of oral LP patients.
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INTRODUCTION

bullous each showing specific characteristics and appearing

in either isolated or associated forms.?’

Lichen planus (LP) is a unique, common inflammatory
disorder affecting the skin, mucous membrane, nails
and hair that frequently affects the oral mucosa. Oral
LP (OLP) affects approximately 0.1%—2% of the general
adult population.!" Clinically, OLP can present six different
patterns: papule, reticular, plaque, atrophic, erosive and
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Both antibodies and T-cell-mediated activity have been
implicated in the pathogenesis of LP.Y Studies have
reported that oxidative stress may play a role in OLPM
Oxidative stress is defined as the imbalance between the
production of reactive oxygen species (ROS) and the ability
of the biological system to readily detoxify the reactive
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intermediates or easily repair the resulting damage. This
results in the production of free radicals that can damage
cell membranes.P! To defend such damage, the body
possesses several antioxidant systems which prevent
oxidative stress. Somebody fluids like saliva contain
such activity, as saliva is naturally composed of several
antioxidants (i.e., uric acid [UA], glutathione and ascorbic
acid) and this defensive mechanism is called salivary
antioxidant system.l Studies have shown that salivary
and plasma levels of total antioxidant status in erosive LP
patients were lower than those in healthy controls. The
inflammatory cellular infiltrates in LP, which consists mainly
of CD4+ lymphocytes, is a well-known source of ROS."

Superoxide dismutase (SOD) is considered the first line
defense against ROS, converting the superoxide anion (O,")
into H,O,®" Glutathione peroxidase (GPx) catalyzes the
reduction of hydrogen peroxide and lipid hydroperoxides.
GPx in combination with catalase and SOD function to
protect the cell from damage due to ROS.”'I Malondialdehyde
(MDA) is used as an indicator of lipid peroxidation.®” UA is
the most important antioxidant molecule in saliva."']

The present study was undertaken to evaluate the levels of
oxidative parameters as SOD, MDA, GPx and UA in saliva
of oral LP patients as they serve as early markers of oxidative
stress and thus to evaluate the role of these in the pathogenesis
of oral LP. SOD and GPx are enzymatic antioxidants; UA is
a nonenzymatic antioxidant and MDA is an oxidant.

The objectives were to estimate the levels of SOD, MDA,
GP and UA in saliva of oral LP patients and to compare
their levels with that of healthy controls.

METHODOLOGY

In this cross-sectional study, Group I (study group)
consisted of 30 healthy volunteers, and Group 11
(control group) consisted of 30 patients diagnosed as
having oral LP [Figures 1 and 2|. The members of the
study group were selected from the patients attending
the OP department of our institution from September
2013 to August 2014. Patients were selected by simple
random sampling according to inclusion and exclusion
criteria. Patients diagnosed as having oral LP, who were
willing to participate in the study, were included in this
study. Patients with any other systemic illnesses and oral
diseases as aphthous ulcers, gingivitis; those on systemic
or topical medication, supplementary vitamins for the past
2 months were excluded from the study. Patients with a
history of trauma or surgery, with a history of alcoholism,
chewing habit and smoking; taking drugs for LP for the

r

Figure 1: Photomicrograph of lichen planus showing epithelium with
elongated rete ridges and dense subepithelial inflammation (H & E, x10)

past 2 months were also excluded, to avoid bias from the
effects of the drugs on salivary contents.

The study was commenced on obtaining clearance from
Institutional Ethics Committee. Before initiating the study,
a written informed consent in accordance with ethical codes
adopted by National Committee for Medical Research
Ethics was completed by all participants.

A volume of 1.5 ml of fasting saliva sample was collected
from the Groups I and II. Saliva collection was done using
passive drool method (Wainwright and Kerr).*?

The unstimulated saliva was collected from patient between
8.00 am and 10.00 am. The patients were asked to rinse
their mouth thoroughly with water 10 min before saliva
collection, and they were asked to spit out or swallow saliva
already present in the mouth. After the individuals were
comfortably seated and after a few minutes of relaxation,
they were trained to avoid swallowing saliva and asked to
lean forward and drool all the saliva they produced into
a vial using a custom-made saliva collecting funnel over
a period of 5-10 min sufficient amount of saliva was
collected. Once collected, saliva containing vials were
placed in an ice carrier box and immediately transferred to
the laboratory for biochemical analysis. Saliva samples were
stored at —20°C until analysis. In the laboratory, analysis was
done immediately.

Saliva samples were centrifuged at 3000 rpm for 10 min at
4°c. The supernatants were collected and used for enzyme
studies.

Estimation of superoxide dismutase activity
Fifty microliters (50 ul) of saliva samples were added
to a test tube containing 3 ml of the reaction mixture
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(50 mM potassium phosphate buffer [7.8], 45 pM methionine,
5.3 mM riboflavin, 84 uM nitroblue tetrazolium [NBT] and
20 uM potassium ferric cyanide). The tubes were incubated

in 25°C for 10 min and read on spectrophotometer at
600 nm (Mishra and Fridovish, 1977)."

SOD activity was analyzed by the reduction of
NBT by superoxide, which formed formazan and
detected spectrometrically at 560 nm using ultraviolet
spectrophotometer and expressed in terms of U/ml.

Estimation of malondialdehyde

Fifty microliters (50 ul) of saliva samples were mixed
with 500 ul of 70% alcohol and 1 ml of 1% TBA. Then,
all the tubes were kept in boiling water bath for 20 min.
After cooling to room temperature added 50 ul of acetone
to all the test tubes and read absorbance at 535 nm in
spectrophotometer. The MDA values were compared with
a standard MDA graph.!"!

The MDA levels were estimated by thiobarbituric UA
TBA reaction using trichloroacetic acid TCA. The end
products of lipid peroxidation particularly MDA react with
thiobarbituric UA under acidic condition and heating to give
a pink color that could be measured spectrophotometrically
at 532 nm.

Estimation of glutathione peroxidase

Fifty microliters of saliva samples were added to a test
tube containing 3 ml of reaction mixture (I mM of
B8-NADPH+1 mM sodium azide solution, 200 mM reduced
glutathione). Mixed by inversion and equilibrated to 25°C
and monitored the absorbance at 340 nm until constant.
The tube containing 3 ml reaction mixture and 50 pl of
phosphate buffer (pH 7) was taken as blank. 50 ul of
0.042% of hydrogen peroxide was added to these tubes.

Figure 2: Clinical photograph showing lichen planus on palatal mucosa
adjacent to molar teeth bilaterally

Immediately mixed by inversion and recorded the decrease
in absorbance at 340 nm for approximately 5 min.

The enzyme GP catalyzes the oxidation of reduced
GSH to oxidized form, which reacts with NADPH
and gets converted to oxidized form of NADP and
two molecules of reduced glutathione and is measured
spectrophotometrically at 340 nm.

Estimation of uric acid

UA concentration was measured in the saliva of the
participants, using a kit supplied by Erba diagnostics named
UA DES. To 20 pl sample, 1 ml working reagent was added.
Working reagent was prepared by making the vial and Aqua-4
to attain the room temperature (15°C-30°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 5 min at 37°C. At the same time,
blank and standard solution was taken. The absorbance of the
standard and each test are read at 546 nm against reagent blank.

UA is transformed by uricase into allantoin and
hydrogen peroxide which, under the catalytic influence
of peroxidase, oxidizes the chromogen (4-amin
ophenazone/N-ethyl-methylanilin propane-sulfonate
sodium) to form a red compound the intensity of color
of which is proportional to the amount of UA present in
the sample and which is read at a wavelength of 546 nm.

RESULTS

The present study was done to evaluate the role of oxidative
parameters in the pathogenesis of oral LP. The levels of
SOD, MDA, GPx and UA were measured in saliva of oral
LP patients and compared among two groups
e Group I (study group) — Oral LP patients
e Group II (controls) — Normal individuals

Both groups were age and sex matched.

The data analysis was done using Statistical Package for
Social Sciences (IBM SPSS version 20). Independent
sample ~test applied to find the statistical significant
between the groups. (P < 0.05) considered statistically
significant at 95% confidence interval. The data expressed
in mean * standard deviation (SD).

In the present study, out of 30 cases, 13 were males (43.33%0)
and 17 were females (56.67%). Out of the 30 controls, 15 were
males (50%) and 15 were females (50%) [Table 1 and Graph 1].

The mean age of cases was 42.033 * 1.57 and that of
controls was 45.17 £ 2.25 [Table 1].
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Number
©

Male Female

Graph 1: Distribution of patients according to gender in the study and
control groups (cases; controls)

The different sites include buccal mucosa, alveolar mucosa,
tongue, gingiva, palate, lips with most cases involving
multiple sites and a bilaterally symmetrical distribution.
Different clinical variants as reticular, erosive, atrophic and
plaque-like were included.

The mean values of SOD, MDA, GPx and UA in the study
group and the control group are tabulated tabulated in
Table 2 and plotted in Graph 2.

Comparison of salivary antioxidant levels between study
and control groups

The mean value of SOD in the study group was 1.23 + 0.34
and in the control group was 0.54 £ 0.26., the difference
being statistically significant (P = 0.001). The mean value of
MDA in the study group was 1.42 & 0.30 and in the control
group was 0.86 * 0.14, the difference being statistically
significant (P = 0.001). The mean value of GPx in the study
groupwas 0.06 + 0.03 and in the control group was 0.09 £ 0.02,
the difference being statistically significant (P = 0.001). The
mean value of UA in the study group was 4.05 * 1.45 and
in the control group was 3.89 *+ 1.21, the difference being
statistically insignificant (P = 0.632) [Table 3.

DISCUSSION

Saliva has been used in the past few decades as a new
diagnostic fluid."” The use of saliva as a diagnostic
tool presents many advantages: it is easy to collect, by a
noninvasive technique; no special equipment is needed
for collection. Collection of saliva is associated with fewer
compliance problems compared with blood collection, and

1617 Hence,

salivary levels correlate well with serum levels.
this study was undertaken in saliva of oral LP patients,
which is known to be a potentially malignant condition.
Anshumalee ¢f a/. and Sezer ¢t al. reported that oxidative stress

and ROS may be involved in the pathogenesis of the LP.*'¥

Saliva levels
N
.

SOD MDA GPx Uric acid

Graph 2: Comparison of mean salivary antioxidant levels between
study and control groups

Table 1: Distribution of patients according to gender in the
study and control groups

Gender Group | (cases) Group Il (control)
n (%) n (%)

Male 13 (43.33) 15 (50.00)

Female 17 (56.67) 15 (50.00)

Total 30 (100.00) 30 (100.00)

Age (years) (meanzSD) 42.033£1.57 45.17+2.25

SD: Standard deviation

Table 2: Comparison of salivary antioxidant levels between
study and control groups

Groups MeanzSD

SOD MDA GPx UA
Group | 1.23+0.34* 1.42+0.30* 0.06+0.03* 4.05+1.45
Group Il 0.54+0.26 0.86+0.14 0.09+0.02 3.89+1.21
P 0.001 0.001 0.001 0.632

*P<0.05 significant compared group I with group. SD: Standard
deviation SOX: Superoxide dismutase, MDA: Malondialdehyde,
GPx: Glutathione peroxidase, UA: Uric acid

In a study by Sezer ¢ a/. in 2007 SOD activity was
determined in 40 oral LP patients. Serum SOD levels
(18.19 £ 3.71 U/mL) in patients with LP were also higher
than in healthy controls (P = 0.002) which was similar to
the present study on saliva."¥ In a study by Hassan ¢ a/.
in 2013, SOD activity was estimated, and the mean value
of plasma SOD in cases was 5.32 * 0.57 U/ml, while
in controls, the mean value was 4.07 = 0.99 U/ml. This
difference was statistically significant (P < 0.0001).") These
results were also consistent with the present study.

Aly and Shahin in 2010 included 45 Egyptian LP patients
and 45 healthy volunteers as controls and conducted a
study in which serum levels of SOD were higher in LP
patients with mean = SD of 17.33 + 2.05 when compared
to controls (P = 0.009) leading to an imbalance in the
antioxidant defense system. This study showed a positive
correlation between nitric oxide NO, MDA and SOD and
the duration of LP. No relation between SOD and the
clinical types of LP was noted.*!
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Table 3: Independent Sample ¢ Test

Levene’s test
for equality of
variances

t-test for equality of means

F  Significant t df  Significant Mean SE 95% Cl of the difference
(2-tailed) difference difference Lower Upper
Age Equal variances assumed 0.138 0.712 0.998 58 0.322 3.13333 3.13877 -3.14960 9.41626
Equal variances not assumed 0.998 57.949 0.322 3.13333 3.13877 -3.14971 9.41638
SOD Equal variances assumed 3.833 0.055 -8.962 58 0.000 -0.69370 0.07741 -0.84864 -0.53876
Equal variances not assumed -8.962 54.396  0.000 -0.69370 0.07741 -0.84886 -0.53854
MDA Equal variances assumed 22.270  0.000 -9.189 58 0.000 -0.56067 0.06102 -0.68281 -0.43853
Equal variances not assumed -9.189 40.245  0.000 -0.56067 0.06102 -0.68396 -0.43737
GPX Equal variances assumed 24.622 0.000 4.961 58 0.000 0.03223  0.00650 0.01923 0.04524
Equal variances not assumed 4.961 42.595 0.000 0.03223  0.00650 0.01913 0.04534
UA Equal variances assumed 0.419 0.520 -0.481 58 0.632 -0.16567 0.34437  -0.85499 0.52366
Equal variances not assumed -0.481 56.287  0.632 -0.16567 0.34437  -0.85544 0.52410

SE: Standard error, CI: Confidence interval, SD: Standard deviation SOX: Superoxide dismutase, MDA: Malondialdehyde, GPx: Glutathione peroxidase,

UA: Uric acid

Serum SOD levels were found significantly lower in oral
LP patients in a study by Jingyan ez al., 2001 in 42 OLP
patients before the treatment than those in healthy controls
(P=0.001), while after treatment, the SOD levels increased
and LPO levels decreased significantly in OLP patients,
and no significant difference were found as compared with
healthy controls (P = 0.05).2"

In general, different studies reveal a positive correlation
between the serum and salivary levels of antioxidants.['**2

Malondialdehyde

MDA is the principal and most studied end product
of polyunsaturated fatty acid peroxidation. It has been
considered a good marker of free radical-mediated damage
and oxidative stress. Thiobarbituric UA Reactive Substances
Assay TBARS is the most commonly employed method
of MDA estimation.?

The present study revealed that salivary MDA levels were
significantly higher in OLP than in controls, which were
consistent with previous studies by Agha-Hosseini e7 a/*
and Ergun ¢t a/P! According to studies by Sezer e# al."®
Rai ¢t alP9 Aly and Shahin,* Upadhyay e/ /" and
Scrobota ez alP* serum MDA levels were found significantly
higher in OLP than in controls. In a study by Abbas
et al. in 2014 showed that the mean level of salivary
MDA in patients with OLP (0.972 £ 0.433 umol/I) was
significantly higher (P < 0.05) than that of control group
(0.732 + 0.358 pmol/1).*!

Agha-Hosseini ¢f a/. in 2009 in their study in thirty patients
with OLP stated that the mean level of unstimulated whole
saliva MDA in patients with OLP was significantly higher
than that of the control group (#=2.34, P < 0.05).”>*! Shirzad
et al. in 2014 found levels of salivary MDA as 0.49 + 0.30

uM; remarkably higher in oral LP patients compared to the
control group (0.15 £ 0.11 uM) (P < 0.0001)."

Glutathione peroxidase

GP is a well-known enzyme that forms the first line of
defense against oxidative stress, which in turn requires
glutathione as a cofactor.P’'*

During oxidative stress the ratio of reduced glutathione
GSH/oxidized glutathione GSSG has been changed, on
the one hand, GSH is rapidly consumed by GPx, on the
other hand, oxidative glutathione generated by glutathione
reductase should be provided as reduced glutathione to
the site. This mechanism may not occur fast enough in the
existence of high concentration of H,O, for a long time
and because of enough unprovided GSH as well as due to
oxidative damages of free radicals existing in the site on
GSH and GPx, the activity of GPx may have decreased.
The reason why the GPx activity in saliva was low in our
study was due to, we believe, possible high concentration
of H202 in lesion area.

Hassan ez al. in 2013 conducted a study in which plasma
GPx was assayed according to the method of Beutler
in 1989. Plasma GPx levels were lower in patients as
compared to controls, which is in accordance with the
present study in saliva. Mean value of plasma GPx in
patients was 47.32 U/L % 2.46, while in controls, its mean
value was 49.0 U/L = 3.26, the difference being statistically
significant (P < 0.001)."" A study by Barikbin e a/. in
2011 in 30 patients of LP revealed a significant positive
correlation between selenium and GPx in serum of both

patients and controls.’]

Scrobota ez al. in 2010 found the median level of glutathione
GSH higher in LP patient’s serum as compared to control
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group.! Scrobota e al. in 2011, in their study in nine
biopsied oral tissue specimens of LP patients analyzed
GSH. GSH medium level was found significantly decreased
in patients tissue compared to controls.’ This may be
due to the rate of GSH turnover augmented as a defense
mechanism against oxidative stress.

Uric acid

UA is an important salivary biomarker with clinical importance
in monitoring the oxidative stress."'”” Studies have shown
that UA was significantly decreased in OLP patients group, as
compared with controls."!! This may be due to possible high
concentration of hydroxyl group in lesion area.

But salivary UA was found to be significantly increased
in most pathological conditions such as cerebrovascular
accident, diabetes, cardiovascular disorders and recurrent
aphthous stomatitis, as is likely to be directly affected by

systemic oxidative stress.*’!

The little increase of UA in our study may represent a
compensatory antioxidant defense system to counteract
oxidative stress.

Battino ¢# a/. in 2008 showed a significant decrease of saliva
(P < 0.005) UA and an increase in serum gamma-glutamyl
transferase GGT (P < 0.01), as well as in the total antioxidant
capacity of saliva, in patient group with respect to the control
one.l! According to a study by Miricescu ez a/. in 2011 in 20
oral LP patients, salivary UA was found to be 1.5-2 mg/dl

in them, whereas the value was above 3 mg/dlin controls.!"]

CONCLUSION

Oral LP 1s a chronic mucocutaneous disease with a high
prevalence rate. Oxidative stress markers such as MDA
and SOD are elevated and GPx is decreased in the saliva
of oral LP patients.

Saliva testing has been found as a noninvasive alternative
to serum testing. The aim of salivary analysis is mainly for
screening which may be helpful in the future. In the present
study, SOD, MDA, GPx and UA were evaluated in the saliva
of oral LP patients. The mean values of SOD and MDA
in the study group showed a significant increase when
compared with the control group, whereas GPx showed a
significant decrease in the study group. UA values showed
an insignificant difference in the same comparison. Salivary
antioxidant levels show a significant difference in response
to oxidative stress in oral LP patients.
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