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Abstract

Background: Oral lichen planus (OLP) is a chronic and inflammation mucosal disease. Reactive Oxygen
Species (ROS) and oxidative stress damage might be the cause. Malondialdehyd (MDA), one parameter of lipid
peroxidation is appropriate for DNA damage in OLP disease.

Objective: To evaluate antioxidants and oxidative stress parameters in patients with oral lichen planus (OLP)
diseases and healthy control group with compare on serum and salivary samples.

Material & Methods: The research population included 22 patients with OLP which recently diagnosed and 22
healthy controls matched for periodontal status. Total antioxidant activity (TAA), Malondialdehyde (MDA) or
lipid peroxidation product and uric acid (UA) were evaluated in both serum and saliva. The t-tests were used for
differences between the two groups in normal distributed variables and also Spearman’s rho correlation coefficient
for assessing association between serum and salivary fluids.

Results: TAA levels in OLP patients showed significant result and lower than healthy control group (p=0.39).
Also, results in the saliva MDA concentration, was significantly higher in OLP patients than controls. In
correlation test, inverse and significant correlation was observed between the MDA and UA values(r=0. 682,
P=0.0001) and a significant correlation was found between serum TAA and UA values.

Conclusion: This study showed that OLP groups have higher cellular lipid peroxidation in compare to healthy
controls and low level of TAA than controls. Patients with OLP are believed to be more at risk of
antioxidant-oxidative stress imbalance.
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1. Introduction

Oral lichen planus (OLP) is common chronic, mucosal and also with inflammation background disease. It is
classified into cell-mediated immune state with cellular degeneration (Mishra, 2014). The origin of this
degeneration, have been shown to be sub epithelial infiltration of T-lymphocytes that produce this local
production of cytokines which sequentially can cause oxidative damage to the tissues by stimulating formation
of Reactive Oxygen Species (ROS) (Epstein et al., 2003; Mehdipour et al., 2014). There are different forms of
clinical appearances of OLP including linear, annular, popular, reticular and plaque shape, also atrophic, erosive
(ulcerative) and bullous lesions in oral spaces at different periods or similar (Scully, Carrozzo, & Cartan, 2008).
There are many studies in oxidative state of biological systems including production of ROS, oxidative stress
and antioxidant defense, inflammation and chronic diseases that have been studied in degenerative and
carcinogenesis disease (Ergun et al., 2011; Chole et al., 2010; Agha-Hosseini et al., 2009). The first step of
production of oxidative stress is the metabolic reactions that use oxygen and represent disturbance balance in
pro-oxidant/antioxidant reactions in living organisms (Valko et al., 2009). It has been found ROS is produced by
keratinocytes, fibroblasts and several inflammatory cells, could lead to imbalance between the pro-oxidants and
antioxidants in the body (Fuchs et al., 2001). The metabolites of ROS cause damage to cell membranes by lipid
peroxidation (Ergun et al., 2011). MDA is the major and the best study in lipid peroxidation of polyunsaturated
fatty acid product (Mishra et al., 2014). MDA can react with several efficient groups of molecules including
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lipoproteins, proteins, RNA and DNA (Cartan & Healy, 2008). During intracellular oxidative stress the
endogenous MDA is formed and it can react with important macromolecules in biological systems including
DNA, which results MDA-DNA adducts a suitable biomarker for DNA damage in the body (Saran et al., 2008).
Determination of MDA is generally used for the recognition of lipid peroxidation parameters in body fluids
(Edward et al., 2013). Results in several studies have been shown high concentration of MDA and also low
antioxidant activities in salivary fluids seem to reveal increased free and oxygen radical activity during
inflammation in periodontal diseases (Celecet al., 2005; Canakci et al., 2009). Oxidative reactions may play a
key role in the pathogenesis of periodontitis and it also is correlated with tissue damage. However, it is unclear
that this result is the basis or a result of periodontitis (Akalin et al., 2007). Some studies on the capacity of the
total antioxidant in saliva have provided important information that lack of antioxidants may lead to
inflammation and increased risk of disorders including lichen planus (Diab-Ladki et al., 2003). The contribution
of different antioxidants in our life style provides larger defense against injure by ROS than using any one
compound alone (Ghiselli et al., 2000). It is very important to recognize about the mechanisms of main
antioxidants and identify possibly synergistic interaction of all antioxidants in the body fluids. Therefore,
understanding about specific information of total antioxidant may give more important biological information in
turn than that achieved by determining levels of individual antioxidants (Serafini & Del Rio, 2004). In order to
study about free radicals and its association with pathogenesis of precancerous disorders, some cancers such as
leukoplakia, oral sub mucous fibrosis and oral cancer is clear and was studied (Rai et al., 2008; Gokul, 2010).
Evaluation on Saliva can provide easy and reasonable documented in the process of diagnosing and monitoring
general health and disease classifications. A small number of studies have been evaluated the antioxidant profile
for these parameters in serum and salivary fluids of patients with OLP. In the current research the existence of
oxidative stress was investigated in OLP patients. In this way, TAA and concentration of MDA were examined in
the serum and saliva fluids in OLP and healthy controls. There is growing evidence indicating uric acid (UA) has
a role as antioxidant in the body and it is believed that administration of UA could increase plasma antioxidant
capacity (Glantzounis et al., 2005). Evidences from several studies suggest that UA has a specific role in
inhibitor of radicals that is generated by the breakdown of peroxynitrite (ONOO-) in the production of NO with
the superoxide anion (Glantzounis et al., 2005). UA may match to antioxidants with low molecular mass in the
body fluids (Cao et al., 1998; Re et al., 1999). UA has key role as significant antioxidants in plasma that can
scavenge ROS and it is important that it can chelate metal ions (Yasuda et al., 2013; Eberhardt et al., 2000). Thus,
monitoring UA level in serum as an indicator of the antioxidant defense (oxidative balance) could be important
for the clinicians’ treatment strategy.

2. Patients and Methods
2.1 Subjects

In this research, 22 individuals (10 males and 12 females; mean age 48.7+9.2 years) with OLP were recruited from
Tooba clinic, Mazandaran University of Medical Sciences. The patients were categorized based on severity of
disease and also was scored the based on ranged from 2 to 4 with the average of 2. In the category of lesions the
score range were from O (no lesion) to 5 (large erosion) (Buajeeb et al., 2008). Twenty two healthy groups as
controls who had no oral mucosal disease and were matched with the case groups about periodontal situations
(mean range of age: 43.7+6.9 years). The lesions in all OLP patients were detected on mouth or buccal mucosa
location (14 reticular and 8 erosive), based on biopsy results with at least of two specific microscopic key factor
including a sub epithelial lymphocytic band-like infiltrate and central signs of basal layer erosion were considered
as inclusion criteria that confirmed lichen planus. Case subjects, untreated for the disease with the start of signs
within 3 months were recruited in this study. Patients with lichenoid lesions related with drugs or restitutions
(Al-Hashimi et al., 2007) and those with dermatological OLP were excluded in this study. Patients with history of
any oral candidiasis proved by laboratory analyze and major systemic diseases were also excluded from the study.
Also for a medical examination, all case groups and controls were examined by hematology and biochemical
parameters (CBC, FBS, ESR, and liver profile). The patients on medication of non steroids inflammatory drugs,
immunosuppressive mediators and prescribe vitamins supplementation medication during last three months were
excluded in the study. Also, the use of oral site medication that could positively effect on results of research, record
of surgery or trauma, smoking or alcohol consumption at least one month before the study were excluded.

2.2 Oral Examination

The diagnosis of oral lichen planus was confirmed by clinic pathological features. Oral sites examined by
evaluation of lips and oral cavity and healthy control groups without signs of disease were identified. In the proof
of disease, existence of popular and/or reticular lesions including the same lace-like or pinhead-size and white
color, little high keratotic models in some position of the oral cavity were observed. Oral examination was
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performed by person who was a professional in oral medicine and surgery.
2.3 Salivary and Serum Assays

About 10 ml fasting blood sample was taken from people with OLP and healthy controls. The serum was prepared
and stored at-80°C until examined. The sample on salivary fluids were collected from patients and control group
after an all night fasting. At the first step, For covering suitable collection of saliva sample, advised the mouth were
washed with distilled water and also case and control groups were learned spit saliva sample into a suitable graded
tub for sampling. As soon as saliva was collected, at the fist step total whole salivary fluids were centrifuged at
12000g for 10 min at+4°C, the superior parts were transferred in a tub and stored at -80°C until analyzed. All
samples were examined two times.

2.4 Total Antioxidant Capacity

Total antioxidant capacity or activity in saliva and serum was determined by FRAP (Ferric reducing ability of
plasma) assay. The mechanism of FRAP test was depends on the reduction of Fe3+ to Fe2+(FRAP assay) as
described previously (Kohen et al., 2002). At the working process, FRAP reagent was prepared by mixing
300mM acetate buffer (pH3.6), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) solution and 20mM FeCl; ,6H,O in a
10:1:1 ratio just before use and heated to 37°C. TPTZ solution was prepared with mixing of 10mM TPTZ in
40mM HCL. Ten micro liters of sample then was added to 300ul fresh working reagent and warmed in 37°C.
Finally the absorption of colored complex reagent was recorded at 593 nm by spectrophotometer (UV-1800
Shimadzu-Japan). The ranges of FRAP standard was 100-1000uM that were organized and used in comparable
with all samples.

2.5 Malondialdehyde (MDA)

MDA one parameter of lipid peroxidation was measured based on thiobarbituric acid (TBARS) method
according to the Nurten et al. (2006). The standard solution was prepared in concentration of 1,1,3,3
tetractoxypropane (TEP) and the results were expressed as nmol/ml in serum and saliva samples. The results in
colored solution were recorded at 535 nm by UV-1800 Shimadzu spectrophotometer.

2.6 Uric Acid (UA)

Uric acid was examined in the one enzymatic method according to Fossati et al. (1980). In this way, uric acid was
converted by uricase enzyme to allantoin and hydrogen peroxide. Hydrogen peroxide generated reacted with a
phenol and 4-aminoantipyrine solutions in a reaction that named as trinder, and finally absorbance of a
chromophoresolusion were recorded at 660-80 nm by spectrophotometer (UV-1800 shimadzu).

2.7 Statistical Analyses

The results in the research were expressed as the means £SD, and for expression of significant differences between
2 or more groups but in normal variable were assessed by t-test and analysis of variance (ANOVA) and with
non-Gaussion distribution variable were compared using Mann-Whitney test. The association between the
dependent and independent variables in saliva and serum was determined by the correlation test.

3. Results

The study evaluated biochemical markers in 22patients with oral lichen plane which comprise 12women and 10
men, and mean £SD in age 48.7+9.2 years, and 22 controls which comprise 9 men and 13 women; and mean £SD
in age 43.7+6.9 years, without statistically differences. Salivary and serum MDA levels were shown statistically
significantly higher than healthy control group (P<0.03) and TAA value in serum was significantly lower (P<0.01)
than in OLP cases. Results in serum uric acid in OLP patients were significantly lower than that in control groups
(Table 1). In addition, a significant inverse correlation was found between serum UA and MDA values (r=0.682,
P=0.0001) and a significant correlation was observed between serum TAA and UA values (r=0.586,
P=0.0001).Moreover, there was a significant correlation but inverse result in MDA and TAA values in
serum(r=0.677, p=0.0001) and saliva (r=0.475, P=0.045). The MDA and UA parameters were significantly
associated with the tertiles of total antioxidant activity (Table 2).
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Table 1. Total antioxidant activity, malondialdehyde and uric acid values of the patients with oral lichen planus
(OLP-P) and healthy subjects (HS)

OLP(n=) _ HS(n-)

Mean+SD Mean+=SD P
Total Antioxidant Activity in Salivary fluids (TAA-SA) (umol/l) 553+189 633+209 0.338
Total Antioxidant Activity in Serum (TAA-SE) (umol/1) 986+157 1092+200 0.041
Malondialdehyde in Salivary fluids(MDA-SA) (nmol/ml) 1.12+0.20 0.97+0.16 0.05
Malondialdehyde in Serum (MDA-SE) (nmolinl) 4.49+0.38 3.90+0.51 0.001
Uric Acid in Salivary fluids (UA-SA) (mg/dl) 4.39+0.54 4.754+0.68 0.161
Uric Acid in Serum(UA-SE) (mg/dl) 5.8+0.46 6.25+0.68 0.043

Tests used: Ferric antioxidant power assay (FRAP) for total antioxidant activity (TAA), Malondialdehyde
(MDA), Uricas, Enzymatically method for Uric acid levels (UA).

Table 2. Data for quintiles of total antioxidant activity (TAA) variability

Group 1 Group 2 Group 3
Range SD (Total antioxidant activity) <1000pmol/1 1000-1200pmol/1 >1200pmol/1 P Value
MDA (nmol/ml) 4.48+0.46 4.1+0.52 3.9+0.48 0.001
Uric Acid (UA) (mg/dl) 5.8+0.64 6.1+0.73 6.3+0.55 0.042

The cases were categorized into tertiles on the basis of antioxidant activity variability. The significants of
differences as mean or median were tested using analyses of variance and Kruskal-Wallis tests respectively.

4. Discussion

Lichen planes in oral cavity, is a chronic, mucocutaneous and with reflect of inflammation disease. The
pathophysiology of OLP is multifarious and in the microscopic evaluation, its features are associated with
pathognomonic characteristics and degeneration of cells which is supposed to be certified to associate epithelial
permeation of T-lymphocytes leading to local production of cytokines (Khan et al., 2003). Recently, it has been
stated that the imbalance in levels of free radical and ROS with antioxidants may play an important role in the start
of several inflammatory oral disease (Hosseini et al., 2009). ROS and tissues oxidative damage, following in
extend a lack of antioxidants may result in appearance of this disease (Upadhyay et al., 2010; Batu et al., 2016).
The age incidence of OLP as stated in selected articles suggests that this disease is most commonly seen in the fifth
decade of life (Upadhyay et al., 2010; Ioana et al., 2011). Malonaldehyde, a small molecular weight that is one of
the main and end product of lipid peroxidation reaction, has an important role on DNA damage in the body.
Upadhyay et al. reported MDA levels were significantly in OLP patients higher than controls in serum and also
saliva. In another study, MDA levels significantly increased and also TAA levels decreased in case group
compared to the controls. Thus, the results indicated the presence of oxidative stress and its correlation with
pathogenesis of OLP (loana et al., 2011). Researchers have confirmed the function of oxidative stress in the
etiopathogenesis of OLP by estimating the levels of markers that act as oxidative damage like MDA in various
samples, serum, saliva and tissue. There have been studied by Balwant & Ergun et al. (2010) which established the
relative analysis of MDA levels in serum and salivary fluids in case group. Different studies suggest that such
results with increasing level of oxidative parameters, low level of antioxidants, results showed that one protection
system is necessary in biological fluids of OLP patients, thus process of oxidative stress has a key role in
pathophisilogy of disease (Aly & Shahin, 2010). Similarly, increased lipid peroxidation and super oxide radical
anion O2 with decrease in antioxidants capacity has been examined and reported on serum in patients with oral
cancer (Manoharan et al., 2005). Serafini et al. (2004) confirmed several antioxidants with enzymatic activity are
decreased in the biopsy of patients with OLP especially epidermis one. In other study, Agha Hosseini et al., have
also established significant differences in level of MDA in OLP and healthy control group which is in conformity
with the current study. A study according to the Japans group reported low level of lycopene (nutrient antioxidant)
in body fluids of OLP patients (Nagao et al., 2001). Some studies was preferred examining total antioxidant
activity (TAA) as a substitute of individual antioxidants in blood and other body fluids, because TAA as an
incorporated parameter may provide a better marker than one antioxidant. TAA value was significantly lower than
healthy controls in OLP patients which this result was agreement with several researches (Celec et al., 2005;
Canakeci et al., 2009; Serafini et al., 2006). ROS play important roles in immunology and inflammatory effects,
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and in the human body fluids, there are several antioxidants systems that have ability to maintain the stability of
oxidation-reduction situation (Al-Hashimi et al., 2002; Kohen & Nayska, 2007). The imbalance in increased ROS
production and decreased antioxidant activity could direct to improved injury. In fact, there are several diseases in
this way that is produced by imbalance of oxidation-reduction reactions in body (Khan et al., 2003; Upadhyay et
al., 2010; Ioana et al., 2011). Finding in this research showed high level of lipid peroxidation parameters in OLP
patients but without significant increase in TAA levels. So, it seems that there is an imbalance of oxidative stress in
patients with OLP. Uric acid is one compound of catabolism purine nucleotides is main significant antioxidants
and also a powerful free radical scavenger in human biological fluids. Apart from its role as radical scavenger, UA
can chelate metals ions, the same iron and copper, converting them to weakly reactive types that unable catalyze
free radical reaction (Glantzounis et al., 2005; Pasalic et al., 2012). Some studies have revealed the role of
antioxidants UA in other situations (Waring, 2006; Hooper et al., 2000). Battinoet al. (2008) also evaluated UA in
serum and saliva of OLP and healthy control, results of their study showed significant differences in UA levels
between the case and control and was the most important antioxidant in salivary fluid. As our findings point to a
decrease in the antioxidant UA, the problem of oxidative stress and free radicals in OLP should also be more
examined in studies with larger number of patients, and other indicators of oxidative stress and antioxidants. Also,
the results of this study propose that OLP may be related to decrease of UA concentration in serum and saliva. UA
may be considered as a useful biomarker of antioxidant status for difficulty of treatment strategy and monitoring
process in OLP patients. Low level of total antioxidant is known to disturb its balance to oxidative stress
parameters (Serafini et al., 2006). But there is limited data regarding the correlation of total antioxidant activity
with MDA and UA levels. The current results indicate that MDA and UA levels interact with total antioxidant
capacity.

5. Conclusions

The results in the current research showed that case groups are more exposed lipid peroxidation than controls. It is
suggested that OLP patients have more risk imbalance of oxidative stress-antioxidant situations. The findings of
this study lead to the conclusion that if antioxidants protection mechanisms are decreased in oral lichen plane
disease (as proposed in present and few other studies) the diminished oxidant/antioxidant balance may contribute
to the pathology effects of OLP. Therefore, determining of MDA, TAA and UA in biological fluids may in
attendance as a diagnostic indicator and also as a means to evaluate progress and monitoring process of disease.

Acknowledgments

This study was carried out with help all patients and controls, in this way the authors feel like to express thanks all
the two groups for participating in the study. We want to express our pleasure to all Biochemistry Laboratory
members in Faculty of Medicine, Mazandaran University of Medical Sciences, for their help in performing
experimental works.

Competing Interests Statement
The authors declare that there is no conflict of interests regarding the publication of this paper.
References

Agha-Hosseini, F., Mirzaii-Dizgah, 1., Mikalili, S., & Abdollahi, M. (2009). Increased salivary lipid peroxidation in
human subjects with oral lichen planus. Int J Dent Hyg, 7, 246-50. http://dx.doi.org/10.1111/j.1601-5037.
2009.00365.x

Akalin, F. A., Baltacioglu, E., & Alver, A. (2007). Lipid peroxidation levels and total oxidant status in serum,
saliva and gingival crevicular fluid in patients with chronic periodontitis. J Clin Periodontol, 34, 558-65.
http://dx.doi.org/10.1111/j.1600-051X.2007.01091.x

Al-Hashimi, I., Schifter, M., & Lockhart, P. B. (2007). Oral lichen planus and oral lichenoid lesions: Diagnostic
and therapeutic considerations. Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 103, 1-12.
http://dx.doi.org/10.1016/].triple0.2006.11.001

Aly, D. G,, & Shahin, S. R. (2010). Oxidative stress in lichen planus. Acta Dermatove, 19, 3-11.

Balwant, R., Jasdeep, K., Reinhilde, J., & Jaipaul, S. (2010). Possible action mechanism for curcumin in
pre-cancerous lesions based on serum and salivary markers of oxidative stress. J. Oral Sci, 52(2), 251-256.
http://dx.doi.org/10.2334/josnusd.52.251

Battino, M., Greabu, M., & Totan, A. (2008). Oxidative stress markers in oral lichen planus. Biofactors, 33,301-10.
http://dx.doi.org/10.1002/biof.5520330406

Batu, S., Ofluoglu, D., Ergun, S., Warnakulasuriya, S., Uslu, E., Giiven, Y., & Tanyeri, H. (2016). Evaluation of

229



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 12; 2016

prolidase activity and oxidative stress in patients with oral lichen planus and oral lichenoid contact reactions.
J Oral Pathol Med, 45(4), 281-8. http://dx.doi.org/10.1111/jop.12391

Buajeeb, W., Kraivaphan, P., & Amornchat, C. (2007). Frequency of micronucleated exfoliated cells in oral lichen
planus. Mutat Res, 5, 191-6. http://dx.doi.org/10.1016/j.mrgentox.2006.10.010

Canakci, C. F., Cicek, Y., & Yildirim, A. (2009). Increased levels of 8-hydroxydeoxyguanosine and
malondialdehyde and its relationship with antioxidant enzymes in saliva of periodontitis. Eur J Dent, 3,
100-6.

Cao, G, & Prior, R. L. (1998). Comparison of different malytical methods for assessing total antioxidant capacity
of human serum. Clin Chem, 44(6 Pt 1), 1309-Is.

CartanMc, B. E., & Healy, C. M. (2008). The reported prevalence of oral lichen planus: A review and Critique. J.
Oral Pathol. Med., 37,447-453. http://dx.doi.org/10.1111/j.1600-0714.2008.00662.x

Celec, P., Hodosy, J., & Celecova, V. (2005). Salivary thiobarbituric acid reacting substances and
malondialdehyde-their relationship to reported smoking and to parodontal status described by the papillary
bleeding index. Dis Markers, 21, 133-137. http://dx.doi.org/10.1155/2005/693437

Chole, R. H., Patil, R. N., Basak, A., Palandurkar, K., & Bhowate, R. (2010). Estimation of serum

Malondialdehyde in oral cancer and precancer and its association with healthy individuals, gender, alcohol,
and tobacco abuse. J. Cancer Res. Ther., 6, 487-491. http://dx.doi.org/10.4103/0973-1482.77106

Diab-Ladki, R., Pellat, B., & Chahine, R. (2003). Decrease in the total antioxidant activity of saliva in patients
with periodontal diseases. Clin Oral Investig., 7, 103-7. http://dx.doi.org/10.1007/s00784-003-0208-5

Eberhardt, M. K. (2013). Chemistry and Medical Consequences (1st ed.). Florida: CRC Press. Reactive oxygen
metabolites (pp. 261-302). Edward E, Farmer, Martin J. Mueller. ROS-Mediated Lipid Peroxidation and
RES-Activated Signaling. Plant Biology, 64, 429-450.

Epstein, J. B., Wan, L. S., & Zhang, L. W. (2003). Oral lichen planus: Progress in understanding its malignant
potential and the implications for clinical management. Oral Surg Oral Med Oral Pathol Oral Radiol Endod.,
96, 32-7. http://dx.doi.org/10.1016/S1079-2104(03)00161-6

Ergun, S., Sule, C. T., Warnakulasuriya, S., Sevda, O., Ayse, E. O., Duygu, O., ... Tanyeri, H. (2011). Evaluation
of oxidative stress and antioxidant profile in patients with oral Lichen planus. J. Oral Pathol. Med., 40,
286-293. http://dx.doi.org/10.1111/j.1600-0714.2010.00955.x

Fossati, P., Prencipe, L., & Berti, G. (1980). Chromogenic System for Measuring Hydrogen Peroxide: The
Enzymatic Uric Acid Assay. Clin Chem, 26, 227.

Fuchs, J., Zollner, T. M., Kaufmann, R., & Podda, M. (2001). Redox modulated pathways in inflammatory skin
diseases. Free Radical Biol. Med., 30, 337-353. http://dx.doi.org/10.1016/S0891-5849(00)00482-2

Ghiselli, A., Serafini, M., Natella, F., & Scaccini, C. (2000). Total antioxidant capacity as a tool to assess redox
status:  Critical view and experimental data. Free Radic Biol Med, 29, 1106-14.
http://dx.doi.org/10.1016/S0891-5849(00)00394-4

Glantzounis, G. K., Tsimoyiannis, E. C., Kappas, A. M., & Galaris, D. A. (2005a). Uric acid and oxidative stress.
Curr Pharm Des, 11, 4145-51. http://dx.doi.org/10.2174/138161205774913255

Glantzounis, G. K., Tsimoyiannis, E. C., Kappas, A. M., & Galaris, D. A. (2005b). Uric Acid and Oxidative Stress.
Carrent Pharmaceuticale Design, 1, 1-7. http://dx.doi.org/10.2174/138161205774913255

Gokul, S., Patil, V. S., Jailkhani, R., et al. (2010). Oxidant-antioxidant status in blood and tumour tissue of oral
squamous cell carcinoma patients. Oral Oncol, 16, 29-33.

Hooper, D. C., Scott, G. S., Zborek, A., Mikheeva, T., Kean, R. B., & Koprowski, H. (2000). Uric acid, a
peroxynitrite scavenger, inhibits CNS inflammation, blood-CNS barrier permeability changes, and tissue
damage in a mouse model of multiple sclerosis. FASEB, 14, 691-8.

Ioana, S. M., Teodora, C., Catoi, P., Bolfa, M., & Adriana, G. B. (2011). Histopathological aspects and local
implications of oxidative stress in patients with oral lichen planus. Roman J. Morphol. Embryol., 52(4),
1305-1309.

Khan, A., Farah, C. S., & Savage, N. W. (2003). Thl cytokines in oral lichen planus. J Oral Pathol Med., 32,
77-83. http://dx.doi.org/10.1034/.1600-0714.2003.00077.x

Kohen, R., & Nayska, A. (2002). Invited Review: Oxidation of Biological Systems: Oxidative Stress Phenomena,

230



www.ccsenet.org/gjhs Global Journal of Health Science Vol. 8, No. 12; 2016

Antioxidants, Redox Reactions, and Methods for Their Quantification. Toxicologic Pathology, 30(6),
620-650. http://dx.doi.org/10.1080/01926230290166724

Manoharan, S., Kolanjiappan, K., Suresh, K., et al. (2005). Lipid peroxidation & antioxidants status in patients
with oral squamous cell carcinoma. Indian J Med Res., 122, 529-34.

Mehdipour, M., TaghaviZenouz, A., Bahramian, A., Gholizadeh, N., & Boorghani, M. (2014). Evaluation of
Serum Nitric Oxide Level in Patients with Oral Lichen Planus. J Dent., 15(2), 48-51.

Nagao, T., Warnakulasuriya, S., & Ikeda, N. (2001). Serum antioxidant micronutrient levels in oral lichen planus.
J Oral Pathol Med., 30, 264-7. http://dx.doi.org/10.1034/j.1600-0714.2001.300502.x

Pasalic, D., Marinkovic, N., & Feher-Turkovic, L. (2012). Uric acid as one of the important factors in
multifactorial disorders-facts and controversies. Biochem Med., 22, 63-75. http://dx.doi.org/10.11613/BM.
2012.007

Rai, B., Kharb, S., & Rand, J. (2008). Salivary lipid peroxidation product malonaldehyde in pre-cancer and cancer.
Adv Med Dent Sci., 2, 7-8.

Re, 1., Fittegrini, N., Proteggente, A., Pannala, A., Yang, M., & Ricegvans, C. (1999). Antioxidant activity
applying an improved ABTS radical cation decolorization assay. Free Radic Biol Med., 26, 1231-7.
http://dx.doi.org/10.1016/S0891-5849(98)00315-3

Saran, R., Tiwari, R. K., & Reddy, P. P. (2008). Risk assessment of oral cancer in patients with Pre-cancerous
states of the oral cavity using micronucleus test and challenge assay. Oral Oncol, 44, 354-360.
http://dx.doi.org/10.1016/j.oraloncology.2007.05.002

Scully, C., & Carrozzo, M. (2008). Oral mucosal disease: Lichen planus. Br J Oral Maxillo fac Surg, 46, 15-21.
http://dx.doi.org/10.1016/j.bjoms.2007.07.199

Scully, C., Eisen, D., & Carrozzo, M. (2000). Management of oral lichen planus. Am J Clin Dermatol, 1,287-306.
http://dx.doi.org/10.2165/00128071-200001050-00004

Serafini, M., & Del Rio, D. (2004). Understanding the association between dietary antioxidants, redox status and
disease: Is the total antioxidant capacity the right tool? Redox Rep., 9, 145-52. http://dx.doi.org/10.1179/
135100004225004814

Serafini, M., Villano, D., & Spera, G. (2006). Redox molecules and cancer prevention: The importance of
understanding the role of the antioxidant network. Nutr Cancer, 56, 232-40. http://dx.doi.org/10.1207/
s15327914nc5602_15

Tiikdzkan, N., Erdamar, H., & Seven, 1. (2006). Measurement of Total Malondialdehyde in Plasma and Tissues by
High-Performance Liquid Chromatography and Thiobarbituric Acid Assay. Firat Tip Dergisi, 11(2), 88-92.

Upadhyay, R. B., Carmelio, S., Shenoy, R. P., & Gyawali, P. (2010). Oxidative stress and antioxidant defense in
oral lichen planus and oral lichenoid reaction. Scand J Clin Lab Invest, 70(4), 225-8.
http://dx.doi.org/10.3109/00365511003602455

Valko, M., Leibfritz, D., & Moncol, J. (2007). Free radicals and antioxidants in normal physiological functions and
human disease. Int J Biochem Cell Biol., 39, 44-84. http://dx.doi.org/10.1016/j.biocel.2006.07.001

Waring, W. S., McKnight, J. A., Webb, D. J., & Maxwell, S. R. (2006). Uric acid restores endothelial function in
patients with type ldiabetes and regular smokers. Diabetes, 55, 3127-32. http://dx.doi.org/10.2337/db06
-0283

Yasuda, D., Takahashi, K., Kakinoki, T., Tanaka, Y., Ohe, T., & Nakamura, S. (2013). Synthesis, radical
scavenging activity and structure-activity relationship of uric acid analogs. Med Chem Commun, 4, 527-9.
http://dx.doi.org/10.1039/c2md20287e

Copyrights
Copyright for this article is retained by the author(s), with first publication rights granted to the journal.

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution
license (http://creativecommons.org/licenses/by/3.0/).

231



