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ABSTRACT

Objective:  The aim of our study was to investigate salivary tissue factor (TF) activity and oxidant-antioxidant status, which is an important 
defense system, in saliva samples collected from patients with oral lichen planus (OLP), and to determine the relationship between the 
antioxidant system and TF activity in OLP.

Materials and Methods: Saliva samples were collected from patients with OLP (n=20) and healthy subjects (n=13). TF activity, lipid 
peroxidation (LPO), nitric oxide (NO), glutathione (GSH) levels, glutathione S-transferase (GST), and superoxide dismutase (SOD) activities 
were measured.

Results: NO levels and GST activities were increased, whereas GSH levels and SOD activities were decreased, when compared with healthy 
subjects in the saliva samples collected from patients with OLP. In addition, TF activity was increased in the OLP group compared with the 
control group

Conclusion: The results revealed that the salivary oxidant-antioxidant balance was disrupted in parallel with the increase in TF activity in 
patients with OLP.
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INTRODUCTION

Lichen planus (LP) is a chronic inflammatory disease commonly 
observed in the skin and mucosa, the cause of which is 
unknown. Oral lichen planus (OLP), which is most commonly 
seen in the buccal mucosa, dorsum of the tongue, and less 
commonly on the gingivae, can occur either alone or with 
skin lesions, and is usually bilateral and symmetrical (1, 2). The 
mouth and saliva reflect physiological or pathological changes 
in the organism (3). Saliva, with its rich content, can be used to 
diagnose various diseases or monitor the body’s response to 
treatment. Saliva biomarkers are important for determination 
of these changes in the body. These biomarkers play a potential 
role in the diagnosis of various oral and systemic diseases. 
In addition, analysis with saliva fluid provides an advantage 
because it is an non-invasive method (3, 4).

Tissue factor (TF, Factor III, Thromboplastin) is an important 
activator of the coagulation cascade, and is the main regulator 
of haemostasis and thrombosis (5). Body fluids such as saliva, 
bile, semen, amniotic fluid, and various tissues have TF activity 
(6-9). The clotting function of saliva is due to TF present in 
saliva, and TF activity may be triggered by many different 
stimuli, including surface expression, inflammatory cytokines, 
endotoxins, and hypoxia (6, 7, 10).

In the presence of oxygen under normal cell conditions, 
reactive oxygen species (ROS) can be produced. The increase 
in ROS levels compared with antioxidant agents causes the 
oxidant-antioxidant balance to deteriorate. This imbalance 
causes various diseases because of lipid peroxidation (LPO) 
and cell damage (5, 6).

Oxidant-antioxidant imbalance has a potential effect on the 
development of oral pathologies. Many diseases are based 
on oxidative stress, which can also explain why the systemic  
and oral disease consequences can be so severe. Antioxidants, 
which are effective in the defense mechanism of the organism, 
are also included in the saliva content (4-6).  LPO and salivary 
antioxidants can be utilized to measure the oral oxidant-
antioxidant condition (5, 6, 11-13).

Free radicals produced by exogenous or endogenous sources 
in the organism react with lipids and cause LPO, which can 
have a very harmful effect on the organism. LPO causes the 
formation of toxic products that show harmful effects in areas 
far from where they are produced (12). Malondialdehyde 
(MDA) is the major end product of LPO and is recognized as an 
important marker of oxidative stress and damage mediated by 
free radicals (13). The antioxidant system, which is effective as 
a defense mechanism in the organism, consists of enzymatic 
and non-enzymatic agents. Glutathione (GSH), which has a 
tripeptide structure, is a non-enzymatic antioxidant. GSH, 
which has an antioxidant effect, is a reducing agent. GSH serves 
as a cofactor for enzymes such as glutathione peroxidase and 
glutathione S-transferase (GST). In addition, GSH plays a role 
in the regeneration of vitamin E for the detoxification of lipid 

peroxyl radicals. GST are enzymes involved in the catalysis of 
the reaction between the reducing agent GSH  and xenobiotics. 
The key role of the GST enzyme in xenobiotic metabolism is 
to prevent cell damage by combining the reactive species 
produced by the enzymes in Phase I with glutathione (14).

Superoxide dismutase (SOD) catalyzes the conversion of 
superoxide radicals, a by-product of oxygen metabolism, 
into molecular oxygen and hydrogen peroxide. The primary 
antioxidant enzyme systems SOD and glutathione peroxidase 
can destroy free radicals. OLP develops as a result of increased 
oxidative stress (13). Because salivary fluid naturally contains 
various antioxidants, many studies have been conducted 
using salivary fluid, and these studies have revealed that the 
total antioxidant status in salivary fluid collected from erosive 
OLP patients is lower than that in healthy controls (14, 15). 
Nitric oxide (NO), which is synthesized from arginine, play 
roles as a neurotransmitter, immunomodulator, vasodilator, 
and antiplatelet. The neuronal nitric oxide synthase (nNOS) 
enzyme, which catalyzes NO synthesis, is located in the salivary 
gland. Therefore, it is thought that NO may play a potential role 
in salivary gland secretion and blood flow. In addition, because 
NO has antibacterial properties, it can protect the oral mucosa 
at low concentrations in saliva (16).

ROS may interfere with platelet activation and increase the 
expression levels of TF in endothelial cells, monocytes, and 
vascular smooth muscle cells, all of which can promote 
coagulation (17). In view of the ability of ROS to induce 
oxidative structural as well as functional alterations in key 
proteins involved in the coagulation cascade, the aim of our 
study was to investigate salivary TF activity and oxidant-
antioxidant parameters to evaluate the relationship between 
TF activity and oxidant-antioxidant status in patients with OLP. 

MATERIALS AND METHODS

Saliva Collection and Storage

The Istanbul Medipol University Non-invasive Clinical Research 
Ethics Committee approved the study protocol (ethic no: 
E-10840098-202.3.02-986). All oral clinical examinations were 
performed at the Outpatient Clinic of the Department of Oral 
and Maxillofacial Radiology, Faculty of Dentistry, Marmara 
University.

Patients with OLP whose disease was confirmed by clinical 
examination by two specialists with more than 20 years of 
experience based on clinical manifestations (reticular lesions 
alone or in association with erosive/ulcerative lesions) or 
combined with histopathological examination were included 
in the current study. 

After the selection of participants, unstimulated saliva samples 
were collected from 20 OLP patients (aged 30-55 years), and 
13 healthy controls using the spitting method. Participants 
were instructed to stop eating, drinking, and brushing their 
teeth 90 min before saliva samples were collected. The patient 
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must sit in a comfortable position while the saliva sample was 
being collected. Leaning slightly forward, the patient drained 
the saliva from the tube by spitting 1-2 times every 1 min for 
5 min. After saliva collection, the test tube was sealed with a 
plastic cap and transported to the biochemistry laboratory. 
Whole saliva samples were used to assess tissue factor activity. 
For biochemical parameters, saliva samples were centrifuged 
at 825xg for 4-5 minutes and the supernatant was separated 
and used in the analysis. The analyses were performed in a 
blinded manner.

Saliva Analysis 

Assay of TF Activity

Quick’s one-step method was used to measure TF activity in 
saliva samples (18). This was accomplished by addition of 100 
μL of 0.02 M CaCl2 to 100 μL of saliva and 100 µL of plasma to 
initiate the coagulation reaction. Activity was measured after 
the temperatures of all solutions used in the experiment were 
brought to 37°C. Because clotting time is inversely proportional 
to TF activity, prolonged clotting time is an indicator of 
decreased TF activity.

Assay of the Total Protein 

Protein levels were measured to present biochemical data 
as values per mg of protein. Proteins react with Cu²⁺ ions in 
an alkaline environment. It is then reduced with the foline 
reagent. The intensity of the resulting color was evaluated 
spectrophotometrically. The density of the colored (blue-violet) 
solution formed is proportional to the protein concentration (19). 

Assay of Lipid Peroxidation 

LPO determination was made by spectrophotometric 
evaluation at 532 nm of the density of the coloured solution 
resulting from the reaction between the LPO product MDA and 
thiobarbituric acid (20).

Assay of NO 

The determination of NO was performed by spectrophotometric 
measurement at 540 nm of the colored product resulting 
from the formation of a complex diazonium compound 
by the reaction of nitritesulfanilamide with N-(1-Naphthyl) 
ethylenediaminedihydrochloride in an acidic environment (21).

Assay of the GST Activity

The determination of GST activity was evaluated 
spectrophotometrically by measuring the absorbance of the 
product formed after the conjugation of GSH with 1-chloro-
2,4-dinitro-benzene at 340 nm (22).

Assay of the SOD Activity

SOD activity is measured as the ability to increase the 
photooxidation rate of riboflavin- sensitized o-dianisidine. The 
superoxide radical formed by riboflavin under the influence 

of fluorescence light turns into hydrogen peroxide under the 
influence of SOD in the environment. Hydrogen peroxide 
reacts with o-dianisidine to form a colored product. The 
absorbance of the resulting colored product was evaluated 
spectrophotometrically at 460 nm (23).

Assay of GSH 

GSH determination was made spectrophotometrically by 
the colored product resulting from the reaction of Elmann’s 
reagent, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), and 
sulfhydryl groups (24).

Statistical Analyses

GraphPad Prism 9.0 was used for statistical analysis, and the 
mean and standard deviation (SD) was presented as the result. 
An unpaired samples t-test was performed to compare the 
control and OLP groups. 

Results

When we examined TF activity to measure the coagulative 
function of saliva and compared it with the control group, 
increased salivary TF activity was determined in patients with 
OLP (Figure 1).

In the LPO analysis, where we measured MDA levels, there was 
no statistically significant difference in MDA levels (Figure 2A), 
and NO levels were raised in the patients with OLP compared 
with the control group (Figure 2B). 

While GST activity was increased statistically in patients with 
OLP compared with the control (Figure 3A), SOD activity (Figure 
3B), and GSH levels (Figure 3C) were decreased.

Figure 1. Tissue Factor (TF) activities of the groups. Clotting 
time is inversely proportional to TF activity.  The longer clotting 
time in seconds is a manifestation of lower TF activity. Data are 
given as mean ± SD, **** p<0.0001, SD: Standart deviation, C: 
Control group; OLP: Oral Lichen Planus
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DISCUSSION

The body has specific mechanisms called antioxidant 
defense systems to deal with free radical damage. Increased 
cellular damage is caused by oxidative stress or a failure of 
the antioxidant defense system (25-29). Various antioxidant 
parameters (such as GST and SOD activity) are analyzed to 
determine the level of oxidative stress.

Inflammatory cellular infiltrates caused by CD4+ lymphocytes 
are a potential source of reactive oxygen species. Increased 
oxidative stress has previously been reported in patients with 
OLP, a chronic inflammatory disease (25-29). Consistent with 
these studies, in our study the oxidant-antioxidant balance was 
disturbed, characterized by decreased antioxidant enzyme 
activities; however, we did not find any statistical difference 
between the control group and the OLP patient group.

In our study, changes in oxidant-antioxidant parameters and TF 
activity were analyzed in saliva samples collected from patients 
with OLP. Consistent with our results, Tunali-Akbay et al. showed 
that TF activity was increased in saliva samples of patients with 
OLP (29). Our results showed that the oxidant-antioxidant 
balance was disrupted and salivary TF activity was increased 
in patients with OLP. Over the past few years, oxidative stress 
has become increasingly important in controlling endothelial 
dysfunction and thrombus development. ROS may hinder 
the coagulation process through various intricately linked 
pathways. ROS, mostly produced by NADPH oxidase (NOX) 
enzymes, can directly induce the coagulation cascade by 
upregulating TF expression in various cells such as monocytes 
and endothelial cells. By oxidatively altering proteins implicated 
in the coagulation process, ROS can also induce a procoagulant 
situation (17). 

TF is the activator of the extrinsic pathway of the coagulation 
cascade, and its activity is sensitive to changes in membrane 
content, temperature, and pH (29). The increase in TF activity 
is related to the activation of the coagulative functions of 
tissues. In our study, we suggest that this situation is triggered 
by increased oxidative stress in the OLP. The increase in TF 
activity appears to be significant in OLP, where inflammation is 
important in pathogenesis.  An autoimmune reaction is often 
suggested to be the cause of OLP, but some experts argue that 
microbial infection initiates the autoimmune response (30). 
Salivary cells are responsible for approximately 78% of the TF 
activity in saliva (9). Emekli-Alturfan et al. (6) demonstrated an 
inverse relationship between salivary TF activity and bacterial 
cell count, and suggested that the storage time of saliva is the 
reason for this negative association.

In our study, although no difference in LPO levels was found 
in the saliva samples of OLP patients, the increase in NO as a 
level of oxidative stress was notable. NO is an important free 
radical, and has proinflammatory and cytotoxic effects on 
human skin (25). Our result is compatible with the findings of 
Mehdipour et al. (31) who revealed increased NO levels in serum 
samples collected from patients with OLP, and suggested the 
activation of lymphocytes and the cellular immune system 
as a consequence. By increasing oxidant production and 
lowering antioxidant protection, the elevated NO in saliva 
may cause oxidative stress on reactive nitrogen species, which 
would tangentially relate to OLP.  In addition, elevated NO 
causes tissue and cell damage, and studies have shown that 
elevated NO can damage oral epithelial cells, keratinocyte, and 
fibroblasts (32).

Figure 2 A. MDA levels serve as an index of lipid peroxidation (LPO). B. Nitric Oxide (NO) levels. Data are given as mean ± SD, 
**** p<0.0001, SD: Standart deviation, C: Control group; OLP: Oral Lichen Planus 
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Increased oxidative stress in patients with OLP seriously 
compromises the integrity of cells by interfering with 
membrane fluidity, organization, crosslinking, and functioning 
and may influence the interactions between Bcl-2 and Bax, 
which in turn affects signal transmission and apoptosis (1, 33). 
The apoptotic cascade triggered by mitochondrial apoptotic 
signaling and oxidative stress begins with a decrease in cellular 
GSH content (34). In our study, the decreased GSH levels in 
the saliva samples of patients with OLP may be related to the 
triggering of apoptotic processes in these patients. Similar 
to our results, Hassan et al. revealed a decline in GSH levels 
in patients with OLP (25). Decreased GSH levels may cause a 
boost in hydrogen peroxide levels, which may damage the 
basal cell layer (25).  

An array of electrophilic compounds can be conjugated 
with GSH through the action of GST enzymes, whose most 
well-known function is that of cell housekeepers involved 
in xenobiotic detoxification. It has recently been shown that 

GSTs also function as regulators of pathways of signaling 
that regulate the growth and death of cells. GST provides a 
protective effect against various toxic chemicals in cells (14). 
In contrast to the increased GST activity in our study, Jana et 
al. (28) reported decreased GST activity in OLP patients and 
suggested that the erosive LP is more under stress than the 
reticular form. The reason for the difference in the results of 
these two studies may be the low number of severe (erosive/
ulcerative and atrophic) cases in our study. This may also be 
due to the triggering of the GST defense mechanism against 
increased oxidative damage.

ROS triggers pro-inflammatory and oxidative stress-associated 
conditions, as well as DNA damage, which further activates 
signaling pathways leading to cell death and apoptosis, 
creating a vicious cycle of damage (33). The SOD enzyme 
catalyzes the formation of hydrogen peroxide and molecular 
oxygen from superoxide radicals, making them less harmful. 
We found a decrease in SOD activity, which is the first defense 

Figure 3 A. Glutathione S-transferase activities of the groups B. Superoxide dismutase (SOD) activities of the groups  
C. Glutathione (GSH) levels in the groups. Data are given as mean ± SD, * p<0.05; **** p<0.0001, SD: Standart deviation, C: 
Control group; OLP: Oral Lichen Planus
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enzyme in the antioxidant system against oxidative stress, in 
patients with OLP. Similar to our findings, Shirzaiy et al. (35) 
reported decreased SOD activity in patients with OLP. However, 
Hassan et al. showed an increase in SOD activity in patients 
with OLP (25). It is useful to note that the decrease in LPO levels 
in our study may have been prevented by the SOD enzyme, 
leading to its consumption and decrease. 

We propose that the alteration in TF activity may be related 
to the disturbed oxidant-antioxidant balance based on the 
data obtained in this study. Although our study supports 
the diagnostic importance of saliva in OLP disease, we 
believe that further studies involving the investigation of the 
hemostatic system and coagulation factors in the immune, 
ROS, inflammatory, and apoptosis-related pathways of OLP will 
clarify this issue. 

The limited sample size and the absence of analysis of 
inflammatory cytokines in saliva are among the limitations of 
our study. In future studies, determination of the inflammatory 
cytokines and oxidative stress markers in saliva at both protein 
and gene levels and comparing them with the clinical findings 
of patients will contribute to elucidating the molecular 
mechanism of OLP.
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