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Introduction

Oral cancer accounts for 2-4% of all cancer cases globally. 

More than 90% of the oral neoplasms are found to be oral 
1 thsquamous cell carcinomas (OSCC). It is ranked as the 12  
2 most common cancer worldwide and 90-95% of oral 

3cancers in India are OSCC.  The mortality rate due to oral 

cancer is predicted to  rise from six lakh eighty thousand to 
41-2 million.

The diagnosis of OSCC is currently based mainly on 

thorough clinical examination and histopathological 
5evaluation of the suspected lesion.  In order to decrease 

the morbidity and mortality associated with the disease, 
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development of certain non-invasive, safe, cost effective 

and reliable diagnostic markers is the need of the hour. 

Nitric oxide (NO) molecule is a highly reactive oxygen free 
6radical found in normal and cancerous tissues. NO has 

pleiotropic features critical to various physiological and 

pathological  processes  inc luding oral  cancer  
7pathogenesis. It is the product of the conversion of L-

arginine to L-citrulline and this conversion is catalyzed by 

nitric oxide synthase (NOS). Oxygen and other cofactors are 
8 essential in this reaction.  Various cancer related events 

9 have been suggested to be modulated by nitric oxide. It 

participates in genotoxic events and causes DNA damage 
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Background : Cancer is the one of the common cause of mortality in developed and developing 

countries. Tobacco in any form is found to induce cancer formation. Oral cancer is a multistage 

process with progressive changes occurring in genetic and cellular morphology as the disease 

progresses from the normal to premalignant state and then to malignant state. Recent studies 

have emphasised that nitric oxide is a highly reactive molecule that interacts with DNA resulting 

in DNA damage.The objective of the present study was to evaluate the nitric oxide levels in the 

saliva and  buccal epithelial cell  DNA damage in patients with oral cancer.

Material and methods : In this study nitric oxide levels in saliva and buccal epithelial cell DNA 

damage were estimated in 20 healthy individuals without oral lesions and 20 patients with oral 

cancer.

Results : The mean values of salivary nitric oxide levels were significantly greater in oral cancer 

patients (126.2155+/- 2.7587) when compared to that of controls (76.111+/-µM/L). Similarly 

the extent of DNA damage was higher in subjects with oral cancer (28.099+/- 1.2696) than in 

controls (9.15+/- 0.9131). Pearson's correlation between nitric oxide levels in saliva and extent 

of DNA damage were found to be moderately correlated in controlsr=0.491 (p<0.01) and in oral 

cancer patientsr=0.428 (p<0.01).

Conclusion : The results of present study illustrate an active involvement of nitric oxide which is 

derived from tobacco and its related products in the initiation of DNA damage and subsequent 

formation of oral cancer.
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during the initial stages of cancer formation which includes 

inactivation of the DNA repair proteins, transitions and 
10,11 transversion of the bases. Hence the present study was 

undertaken to assess and correlate the nitric oxide levels in 

saliva and buccal epithelial cell DNA damage in healthy 

individuals and in patients with oral cancer.

Material and Methods

A randomized case control study was performed on 

subjects reporting to the Department of Oral Medicine and 

Radiology. The ethical clearance was obtained prior to 

conducting the study. The nature and purpose of the study 

was explained and informed consent was acquired from 

the subjects included in the study. A detailed case history 

was then recorded and a thorough oral examination was 

performed. A sample size of 40 subjects was divided in to 2 

equal groups of 20 patients each.

Twenty healthy subjects who were controls (C) without any 

systemic and oral diseases and twenty subjects diagnosed 

with oral cancer who were considered as the study group 

(S) were included in the study. Strict inclusion and exclusion 

criteria were followed. Both the groups in the study 

included subjects between the ages of 20 to 60 years. 

Control group (C) included subjects without any history of 

oral and systemic diseases, who are not on long term 

medications and with no history of substance abuse.The 

study group (S)  included subjects diagnosed 

histopathologically  with oral cancer.The individuals with 

history of recent infection, subjects with systemic illness 

and subjects on any medication were omitted from the 

study.

Method of collection of data

The whole saliva was collected under resting conditions 

one hour after food intake. The patients were informed to 

accumulate saliva in their mouth and spit it into a 

graduated test tube for a period of ten minutes. After the 

collection, saliva was centrifuged at eight hundred rotation 
0per minute at 48 C for ten minutes. The resultant 

supernatant was later subjected to biochemical analysis.

The subjects were also informed to rinse their mouth with 

water. The mucosal cells were then obtained by scrapings 

taken from the buccal mucosa using a slightly moistened 

metal spatula. The cells were immediately smeared on the 

microscopic slides which were later used for comet assay.

The estimation of nitric oxide levels in saliva was by done by 
[12]Griess method based on the conversion of nitrate to 

nitrite with the help of an enzyme by colorimetric 

detection of nitrite. It is a diazotization reaction in which 

acetified nitric oxide produced a nitro sating agent. The 

nitro sating agent reacted with sulfanilic acid that resulted 

in the production of diazonium ion. The diazonium ion was 

coupled with N-(1-naphthyl) ethylenediamine. This 

resulted in the formation of the chromo phoricazo 

derivatives which absorbed light at 540 – 570 

nanometer.The reagents used were sulphanilamide 

solution and N-(1-naphthyl)-ethylene diamine (NED) 

dihydrochloride solution.

The preparation of Sulphanilamide solution was done by 

taking 0.5g of sulphanilamide in 100ml of 20% v/v Hcl (20ml 

Hcl+80ml distilled water =100ml 20% v/v Hcl).

The preparation of N-(1-naphthyl)-ethylene diamine 

dihydro chloride solution was done by taking 0.3g of solid 

reagent (NED dihydro chloride) in 100ml of 1% v/v Hcl (1ml 

of Hcl+99ml of distilled water=100ml of 1%v/v Hcl. A 

standard nitric oxide solution was pipetted out into five 

different test tubes in the range 0.2 to 1ml.By using distilled 

water, the volume of each test tube was made up to 

1ml.1ml of the distilled water was taken in a separate test 

tube which served as blank. 1ml of the sulphanilamide 

solution and 1ml of the NED dihydro chloride solution was 

added to each test tube and mixed. All the test tubes were 

then incubated at room temperature for ten minutes and 

the absorbance was later read at 550 nanometer.The 100µl 

of saliva sample was taken in a test tube. The volume was 

prepared up to 1ml with 0.9ml of distilled water. 2ml of 

sulphanilamide solution was added and kept for five 

minutes. 2ml of NED dihydro chloride solution was added 

after five minutes. The absorbance was measured after ten 

minutes at 550nm. The concentration was then calculated 

from a calibration plot prepared from a series of standard 
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nitrite. The final calculations were done and the 

concentration of nitric oxide in the sample of saliva was 

given in µM/l.

 [13]The Comet assay for detection of DNA damage  was done 

by using a molten low-melting-point agarose to suspend 

the sample of cells at thirty seven degree Celsius. A 

microscopic slide was used to cast the mono suspension. A 

cover slip made of glass was held at an angulation to the 

microscopic slide. At the contact point between the 

coverslip and the slide the mono-suspension was applied. 

The agarose in its molten state was spread to form a layer as 

the coverslip was lowered onto the slide. The agarose was 

gelled at four degree Celsius after which the coverslip was 

detached. The agarose formed a matrix of carbohydrate 

fibers that encapsulated the cells, securing them in place. A 

solution was used to immerse the slides that caused the 

cells to lyse. The solution used for lysis in the comet assay 

comprised of a detergent like Triton X-100 and highly 

concentrated aqueous salt. Depending upon the type of 

damage the pH of the solution used for lysis was adjusted 

between neutral and alkaline pH. The slides were later 

washed in distilled water after the lysis of cells for about 

one to two hours at 4°C to eliminate all salts. It was then 

dipped in an electrophoretic solution which was adjusted 

for its pH based on the type of damage that was being 

studied. The slides were left for approximately twenty 

minutes in the electrophoretic solution after which an 

electric field was applied. The double helix of the DNA was 

denatured to a single stranded nucleoid. An electric field of 

one volt per centimeter was applied for approximately 20 

minutes. At the pH of 7 the slides were neutralized and 

stained with a fluorescent stain that was DNA-specific. It 

was then evaluated using a microscope attached to a 

charge-coupled device. This was then connected to a 

computer for image analysis using comet score software.

The data was then analysed with the help of SPSS version 

17 software. ANOVA test was used for comparison 

between the groups, Chi- Square Test for the association of 

the age and gender between the groups. Pearson's 

correlation was used to correlate the levels of nitric oxide 

with the DNA damage in the groups.

Results

The Demographic data analysis of control group (C) was as 

follows - 60% of the subjects were within 21-30 years, 

followed by 20% belonging to 31-40 years, 15% belonging 

to 41-50 years and 5% of the subjects were between 51-60 

years (TABLE 1). The mean age in this group was 30.2 years 

(TABLE 2).

Males comprised 75% of this group (15/20), while females 

formed the remaining 25% of the group (5/20) (TABLE 3).

The Demographic data analysis of study group (S) was as 

follows -70% of the subjects in the study group were within 

51-60 years, followed by 25% belonging to 41-50 years and 

5% of the subjects were within 31-40 years. (TABLE 1). 

Mean age in this group is 54.3 years. (TABLE 2)The group 

comprised of 60% males (12/20) and 40% females. (TABLE 

3).

The mean salivary nitric oxide levels in control group (C) 

was 76.111+/-2.3346 µM/L whereas the mean salivary 

nitric oxide levels of study groups (S) was 126.2155+/- 

2.7587 µM/L (TABLE 4).

The mean buccal epithelial DNA damage in control group 

(C) was 9.15+/- 0.9131 whereas the mean DNA damage of 

study group (S) was 28.099+/- 1.2696 respectively (TABLE 

5).

Statistically highly significant difference was obtained 

when comparison of salivary nitric oxide levels between 

control group (C)and study group (S) group (TABLE 6).

When the extent of DNA damage of control group (C) was 

compared to the extent of DNA damage in study group (S) 

the difference was highly significant (p<0.001) ( TABLE 7).

The correlation between nitric oxide levels and extent of 

DNA damage in control group had positive moderate 

correlation (r=0.491) and was statistically significant 

(P=0.03). (TABLE 8).

The correlation between nitric oxide levels and extent of 



GROUPS SALIVARY RESULT AND 

NITRIC OXIDE INTERPRETATION

CONTROL DNA Damage Pearson Correlation .491 POSITIVE MODERATE 

Sig. (2-tailed) .030

N 20 CORRELATION

Sig. (2-tailed) .040

N 20

ORAL DNA Damage Pearson Correlation .428 POSITIVE MODERATE

CANCER Sig. (2-tailed) .020 AND SIGNIFICANT

N 20 CORRELATION

AND SIGNIFICANT

N Mean Standard

(in years) Deviation

Control Group 20 30.2 10.035

Study group 20 54.3 5.73
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DNA damage in study group had a positive moderate 

correlation (r=0.428) and was statistically significant 

(p=0.02). (Table8).
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Table 1 : Age Distribution within the Groups

AGE GROUP CONTROL S

21-30 COUNT 12 0

% 60% 0%

31-40 COUNT 4 1

 % 20% 5%

41-50 COUNT 3 5

% 15% 25%

51-60 COUNT 1 14

 % 5% 70%

Table 2 : Mean Age Distribution in Controls And Study Group

N Mean Std. Minimum Maximum

Deviation

Salivary Control 20 9.15 0.9132 7.15 11.15

Nitric Study 20 28.009 1.2696 25.37 30.62

Oxide group

level

CONTROL ORAL CANCER

FEMALES COUNT 8 5

% WITHIN GROUPS 40% 25%

MALES COUNT 12 15

% WITHIN GROUPS 60% 75%

TOTAL % WITHIN GROUPS 100% 100%

Table 3 : Gender Distribution in Each Group

Table 4 : Mean Salivary Nitric Oxide Levels in Controls and Study 
Group

N Mean Standard Minimum Maximum

Deviation

Salivary Control 20 76.11 2.3346 70.48 81.18 

Nitric Study 20 126.2155 2.7587 119.79 132.63

Oxide group

level

(µM/l)

Table 5 : Mean DNA Damage in Controls and Study Group

Table 6 : Comparison of Salivary Nitric Oxide Levels between Controls and Study Group

 GROUPS N Mean Standard Statistics/ df2(Welch) p value

Deviation mean squares / F(Anova)

SALIVARY  CONTROL 20 76.111 2.334607 9212.296 1380.81 <0.001

NITRIC ORAL 20 126.2155 2.758706 <0.001

OXIDE CANCER

 N Mean Standard Statistics/ df2(Welch) p value

Deviation mean squares / F(Anova)

DNA CONTROL 20 9.15 0.913196 1294.586 1135.042 <0.001

Damage ORAL 20 28.099 1.269608 <0.001

CANCER

Table 7 : Comparison of DNA Damage between Controls and Study Group

Table 8 : Correlation of the DNA Damage and the Nitric Oxide Levels in Controls and Study Group
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Discussion

Oral cancer has one of the greatest incidences in India 

comprising twelve percent of  all malignancies in men and 
14eight percent of all malignancies among women. The 

difference in the occurrence of oral cancer between India 

and western countries is attributed to the dissimilarity in 
15the practices of tobacco consumption. Usage of tobacco 

plays a significant part in etiology of oral cancer due to the 
16increased production and generation of free radicals. The 

ROS and nitric oxide are involved in the multistage process 

of carcinogenesis. Thus the free radicals act as initiators 
17and promoters of oral cancer formation.

 The salivary nitric oxide levels in our study were elevated in 

subjects with oral cancer in comparison to healthy 

individuals which was in accordance with the study 
18conducted by Bahar et al . Their study showed that the 

composition of saliva in patients with oral squamous cell 

carcinoma was altered when compared with the healthy 

subjects by oxidative and nitrative stress. The nitric oxide 

levels in saliva could be enhanced due to the increased 

dietary nitric oxide from the tobacco and tobacco related 

products. In addition to this, nitric oxide levels are 

increased in oral cancer patients due to the over expression 

of inducible nitric oxide synthase ( iNOS). The likely sources 

of iNOS are malignant epithelial cells of oral cancer or 

inflammatory response induced by it. Patel JB et al 

conducted a study that showed increased plasma nitric 

oxide levels in patients with oral cancer. They assessed 

plasma levels of nitric oxide in healthy individuals without 
19tobacco habits and patients with oral cancer. The studies 

stated above were conducted in serum which is an invasive 

method of collection. In our study we have taken saliva 

samples as it is easy to obtain and non invasive.

Nitric oxide mediates DNA damage through the formation 

of carcinogenic nitrosamines, generation of reactive 

nitrogen species and abnormalities in DNA repair 
20mechanism.

21 22 23Saran R et al , Manikantan P et al , Mukkherjee  S et al  
24and by Jyoti S et al  conducted studies on buccal epithelial 

cells to detect DNA damage using comet assay and found 

significant increase in the basal DNA damage. Similar 

approach was adopted by us in the present study which 

also showed similar results.

Our study attempted to evaluate DNA damage in relation 

to salivary nitric oxide levels in healthy controls and 

subjects with oral cancer. A significant positive correlation 

between nitric oxide levels in saliva and extent of DNA 

damage was observed in both the groups. Therefore, it can 

be stated that the increase in the levels of salivary nitric 

oxide appears to have marked effect on the DNA injury.The 

present study elucidated the source and the role of nitric 

oxide in the pathogenesis of oral cancer by causing 

significant DNA damage. Hence, it can be stated that saliva 

can be used as a diagnostic marker for early detection of 

oral cancer. In the present study exfoliative cytology was 

used for the collection of epithelial cells from buccal 

mucosa for DNA analysis. As the procedure is easy to 

perform with minimum requirements, this can be used for 

mass screening of oral cancer.

Conclusion

The study showed good results in terms of evaluating 

salivary nitric oxide and correlating it with buccal epithelial 

cell DNA damage. The promising results of the present 

suggest that nitric oxide released by tobacco and tobacco 

products are effective in inducing chromosomal damage 

that can be successfully detected by methods such as 

comet assay. Further studies are required to be conducted 

in larger sample sizeand compare the salivary nitric oxide 

levels and DNA damage in patients with potentially 

malignant disorders and oral cancer.
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