
ABSTRACT
Saliva is the first fluid exposed during smoking and its antioxidant system plays an important role in anti-cancer potential. 
Aim of the study is to determine the influence of smoking on superoxide dismutase (SOD) enzyme and nitric oxide (NO) 
levels in saliva among smokers and non-smokers. 20 samples were taken  among which 10 samples were of  smokers and 
10 samples were of non smokers. Collected unstimulated saliva samples were measured for levels of SOD and NO using 
spectrophotometric analysis. Levels of SOD were decreased in case of smokers  (Mean =4.95, Standard error of mean= 
0.0.558) when compared to non smokers (Mean= 8.17, Standard error of mean = 0.851)hence statistically significant 
(p=0.018). Levels of NO were elevated in case of smokers (Mean = 3.24, Standard error of mean = 0.672) when compared 
to non smokers (Mean= 1.97, Standard error of mean = 0.404) hence statistically significant (p=0.032). Also, it was found 
that level of SOD decreased and NO increased as  number of cigarette sticks and years of smoking increased which is 
statistically significant (p<0.05).  Within the limits of the study, it is seen that there is a highly significant increase in  
NO and decrease in SOD in smokers when compared to non smokers. Also there is significant increase in  level of NO 
and decrease in level of SOD as number of cigarettes  and years of smoking increased.
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INTRODUCTION

Smoking is a harmful habit that causes adverse effects 
on oral health and plays a most important role in cancer 
development (Golusinska-Kardach et al., 2015). Despite 
frequent notice of irreversible consequences of  smoking in 
public media and by other forms of advertising, smoking 
habits are growing dramatically in both developed and 

developing countries. Based on available statistics, even 
in previous years, almost one-third of the population over 
age 30 years are smokers (Zenzes, 2000). Smoking leads 
to changes in immune reaction and total antioxidant 
capacity. Smoking, through dysfunction of antioxidant 
systems, plays an important role in the pathogenesis of 
inflammatory diseases (Toker et al., 2012). 

Saliva is the first fluid that is exposed to smoking and its 
antioxidant system plays an important role in anti-cancer 
potential.It has been confirmed that there is a direct 
relationship between oxidative stress and pathologic 
conditions or diseases. Assessment of the elements 
effective in oxidative stress on the body's fluids, such as 
saliva, could be beneficial for monitoring progression and 
treatment of some diseases (Rodgman and Perfetti, 2013). 
Tobacco smoking produces large amounts of reactive 
oxygen species (ROS), which have an influence on normal 
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antioxidants due to tobacco smoking may be a cause of 
many pathological conditions such as cardiovascular 
and respiratory disorders and even potentially malignant 
disorders.  Assessment of antioxidant markers may be 
relevant in the evaluation of risks of such pathologic 
conditions and associated oxidative stress induced by 
smoking (Bolzán, Bianchi and Bianchi, 1997).

Nitric oxide (NO), a free radical, is synthesised from 
the amino acid L-arginine by the enzyme nitric oxide 
synthase (NOS). Nitric oxide, a signalling molecule, 
acts as a ‘double-edged sword’ affecting numerous 
physiological and pathological processes (Crowell et 
al., 2003). Low nitric oxide levels are associated with 
homeostatic actions such as immune functions, blood 
flow, platelet aggregation, neurotransmission, and 
memory, whereas excess nitric oxide production is 
involved in inflammatory and immunological disorders, 
pain, neurological diseases, atherosclerosis, and cancer. 
It also plays an important role in the occurrence and 
progression of tumours, involving mechanisms such 
as DNA damage, inducing tumour angiogenesis and 
promoting tumour invasion and metastasis by reacting 
with other free radicals to form peroxynitrite which 
causes DNA damage (Alcaraz and Guilln, 2002). 

Our recent research portfolio slides numerous articles 
in reputed journals (Santosh R. Patil et al., 2018; S. R. 
Patil et al., 2018; Subramaniam and Muthukrishnan, 
2019; Vadivel et al., 2019; Patil et al., 2020). Based on 
this experience we planned to pursue evaluation of 
superoxide dismutase and nitric oxide levels in smokers 
and non smokers.

MATERIAL AND METHODS

Study setting: It is a case control study, conducted in 
Saveetha Dental College  from November 2019 to January 
2020. Approval was obtained from the Institutional 
Ethical Committee (IEC), Saveetha Dental College. Two 
examiners were included in the study. Study population 
consisted of patients belonging to the 30-70 years age 
group. Smokers were grouped into three groups based on 
the usage of cigarette sticks per day as 1-5 sticks, 6-10 
sticks and greater than 10 sticks per day. Based on the 
years of smoking, they were grouped into three groups- 
1-5 years, 6-10 years and greater than 10 years.

Inclusion and Exclusion Criteria: Patients who smoke 1 
and more cigarettes per day for 1 year and more than 
that were included in the study. Patients with systemic 
diseases were excluded.

Collection of samples: Total of  20 samples among which 
case group 10 samples were collected from smokers 
and control group 10 samples were collected from non-
smokers. Unstimulated saliva samples were collected 
from the patients using sterile uricol containers. The 
collected saliva samples were measured for levels of 
superoxide dismutase enzymes and nitric oxide using 
spectrophotometric analysis as per standard method. 

cellular function and causes changes in the inflammation 
markers (U. s. Department of Health and Human Services 
Staff, 2010) . Oxidative stress, which is produced through 
serious imbalance between the generation of reactive 
oxygen species and antioxidant protection, is effective 
in the pathogenesis of inflammatory conditions.

Reactive oxygen species (ROS) are chemically reactive 
molecules containing oxygen. Oxygen is a highly 
reactive atom that is capable of becoming part of 
potentially damaging molecules commonly called “free 
radicals (Mayne, 2003). The addition of one electron to 
di-oxygen forms the superoxide anion radical (O2 • ). 
All free radicals  are capable of reacting with membrane 
lipids, nucleic acids, proteins and enzymes, and other 
small molecules, resulting in cellular damage. 

Superoxide Dismutase	 Mean	 Standard	 Paired
(nmol/mg protein)		  error	 t-test
		  of mean

Smokers	 4.95	 0.558	 p value = 
			   0.018
Non Smokers	 8.17	 0.851	

Table 1. Shows mean value of superoxide dismutase levels 
in smokers and non-smokers. SOD level is increased in 
non smokers when compared to smokers (Paired t test, 
p = 0.018)

Figure 1: Bar graphs depicts the mean salivary superoxide 
dismutase levels in smokers and non smokers. X axis 
denotes smokers and non smokers and Y axis denotes 
the mean SOD levels (nmol/mg protein). It is seen that 
SOD level is increased in non smokers when compared to 
smokers (Paired t test, p =0.018)

Superoxide Dismutase (SOD) catalyzes the conversion 
of superoxide radicals into hydrogen peroxide and 
molecular oxygen. SOD plays a critical role in the 
defense of cells against the toxic effects of oxygen 
radicals (Simic and Karel, 2013). It competes with nitric 
oxide (NO) for superoxide anions, which react with NO 
to form peroxynitrite, which is potential enough to 
cause DNA damage. Decrease in protective systems of 
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Assay of Superoxide dismutase (SOD)
Procedure: To 0.5 ml ml of  saliva 0.25 ml of ethanol and 
1.25 ml of chloroform was added, kept in a mechanical 
shaker for 15 min and centrifuged at 20000xg for 15min. 
To 0.5 ml of the supernatant, 2.0 ml of 0.1 M Tris-HCl 
buffer pH 8.2; 1.5 ml of distilled water and 0.5 ml of 
pyrogallol were added. Change in optical density at 0, 1 
and 3 min was read at 420 nm in a spectrophotometer. 
Control tubes containing 0.5 ml of distilled water were 
also treated in a similar manner against a buffer blank. 
The enzyme activity is expressed as Units/mg protein. 
One enzyme unit corresponds to the amount of enzyme 
required to bring about 50% inhibition of pyrogallol 
auto-oxidation.

Assay of Nitric oxide (NO)
Procedure: Briefly, 500 µl of  salivary was added to 100 µl 
of Gries's reagent, the reaction mixture was incubated for 
about 5–10 min at room temperature and protected from 
light. Then colour was developed and measured at 540 
nm in the microplate reader according to the protocol. 
The results were calculated according to standard curves 
obtained for standard sodium nitrite (5 - 25 µM), in the 
same buffer as used for preparation of homogenate using 
the absorbance measured. The concentration of nitrites as 
a measure of NO in the examined  sample was calculated 
and expressed in nmoles/mg protein.

Statistical Analysis: The statistical analysis was performed 
using the Statistical package for Social Sciences version 
(SPSS) 20. Differences in mean values between groups 
were analysed using students’ t-test,  while association 
studies were performed using the Pearson’s Chi square 
Test. Values were deemed significant if p < 0.05. 

RESULTS AND DISCUSSION

Total of 20 patients, out of which 10  smokers and 10 
non-smokers were included in the study.In relation to  
mean salivary superoxide dismutase levels in smokers 
and non smokers it was seen that SOD level is increased 
in non smokers when compared to smokers ,Paired t 
test, p =0.018 (p<0.05), hence statistically significant 
[Figure 1 and Table 1]. In relation to  mean Nitric oxide 
levels in smokers and non smokers it was seen that Nitric 
oxide level is increased in smokers when compared to 
non smokers, Paired t test, p =0.032 (p<0.05), hence 
statistically significant [Figure 2 and Table 2].

Nitric Oxide	 Mean	 Standard	 Paired
(nmol/mg protein)		  error of 	 t-test
		  mean

Smokers	 3.24	 0.672	 p value 
			   =0.032
Non Smokers	 1.97	 0.404	

Table 2. Shows mean value of nitric oxide levels in smokers 
and non-smokers. Nitric oxide level is increased in smokers 
when compared to non smokers (Paired t test, p =0.032)

Figure 2: Bar graph depicts the mean Nitric oxide levels 
in smokers and non smokers. X axis denotes smokers and 
non smokers and Y axis denotes the mean NO levels (nmol/
mg protein).It is seen that Nitric oxide level is increased 
in smokers when compared to non smokers (Paired t test, 
p =0.032)

Number of 	 Mean Superoxide	 Mean Nitric Oxide
cigarette sticks 	 Dismutase	 (nmol p value = 
per day	 (nmol/mg	 0.001/mg
	 protein)	 protein)

1-5 sticks	 5.36	 2.71
6-10 sticks	 4.72	 3.13
>10 sticks	 4.37	 3.52
Statistical Test	 Chi square=  	 Chi square=  	
	 8.838	 4.330
	 p value = 0.042 	 p value = 0.001

Table 3. Shows association between number of cigarette 
sticks used per day and mean value of Superoxide 
Dismutase  and Nitric Oxide levels. It is seen that as the 
usage of cigarette sticks increases salivary SOD level 
decreases which is statistically significant. (Pearson chi 
square=8.838, p value=0.042) and  NO level increases 
which is statistically significant. (Pearson chi square=4.330, 
p value=0.001)

In relation to association between number of cigarette 
sticks used per day and mean value of superoxide 
dismutase levels it was seen that as the usage of cigarette 
sticks increases salivary SOD level decreases which is 
statistically significant. Pearson chi square=8.838, p 
value=0.042 (p<0.05) and NO level increases which is 
statistically significant. Pearson chi square=4.330, p 
value=0.001(p<0.05)  [Figure 3 and Table 3]. 

In relation to association between number of years of 
smoking and mean value of superoxide dismutase levels 
it was seen that as the years of smoking increases salivary 
SOD level decreases which is statistically significant. 
Pearson chi square=7.453, p value=0.035 (p<0.05) and 
NO level increases which is statistically significant. 
Pearson chi square=5.845, p value=0.001 (p<0.05)  
[Figure 4 and Table 4]. 
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Figure 3: Bar graph shows  association between  number 
of cigarettes used per day and mean value of  SOD and NO 
. X axis denotes number of cigarettes used/day and Y axis 
denotes mean SOD and NO (nmol/mg protein). As usage 
of cigarettes increases salivary SOD level decreases which 
is statistically significant. (Pearson chi square=8.838, 
p =0.042) and  NO level increases which is statistically 
significant. (Pearson chi square=4.330, p =0.001)

Number of years	 Mean Superoxide 	 Mean Nitric
of smoking	 dismutase 	 Oxide
	 (nmol/mg	 (nmol/mg 
	 protein)	 protein)

1-5 years	 5.36	 2.71
6-10 years	 4.72	 3.13
>10 years	 4.37	 3.94
Statistical Test	 Chi square	 Chi square
	 =  7.453	 =  5.845
	 p value = 0.035	 p value = 0.001

Table 4. Shows association between number of years of 
smoking and mean value of Superoxide Dismutase and 
Nitric Oxide  levels  . It is seen that as the years of smoking  
increases salivary SOD level decreases which is statistically 
significant. (Pearson chi square=7.453, p value=0.035) 
and NO level increases which is statistically significant. 
(Pearson chi square=5.845, p value=0.001).

Cigarette smoking has been implicated as a significant 
risk factor for the establishment and progression of 
several diseases. Cigarette smoke is a complex mixture of 
chemical compounds, containing many free radicals and 
oxidants and may be associated with lower antioxidant 
concentrations, increased oxidative stress and damage as 
well as an increased risk of several chronic diseases.

In relation to our study,  the mean level of salivary 
superoxide dismutase level in smokers and non smokers, 
it was found that level of SOD was significantly increased 
in smokers which was in line with the study by Mahapatra 
et al (Mahapatra et al., 2008) and Tavilani et al  (Tavilani 
et al., 2012). The reason behind this is in case of smoking, 
oxidative stress is created within the cells which leads 
to production of numerous reactive oxygen species. 
The reactive oxygen species are dangerous to cells, as 
they may cause DNA damage. So this is prevented by 
the action of salivary superoxide dismutase which is 
an antioxidant that converts reactive oxygen species to 
hydrogen peroxide which is further degraded to harmless 
products like water and oxygen. So this defence potential 
of superoxide dismutase is very important in preventing 
DNA damage which might lead to tumour progression. 

So usually SOD levels are normal in people without 
smoking habit. In case of smoking this defence potential 
of SOD is decreased and hence might lead to premalignant 
conditions and further to tumour progression. However 
contradictory studies by Zahraei et al (Zahraei et al., 
2005), where he observed that no significant difference 
were observed in SOD levels between smokers and non 
smokers. The probable reason could be differing sample 
size, geographic location and differing antioxidant 
potential of the subjects involved in the study. Also 
in relation to our study, the number of cigarette sticks 

used per day and years of smoking it was seen that as 
these factors increased the level of SOD was decreased 
significantly, stating that the defence potential of SOD 
was decreased in case of chronic smokers. This was in 
line with the study by  Kocyigit et al(Kocyigit, Erel and 
Gur, 2001). Therefore, The decreased level of SOD in 
smokers indicates the protective role of this antioxidant is 
decreased and hence the determination of this biomarker 
would contribute to early diagnosis and prevention of 
premalignant condition.

Figure 4: Bar graph shows association between  number of 
years of smoking and mean value of SOD and NO. X axis 
denotes  number of years of smoking and Y axis denotes  
mean SOD and NO (nmol/mg protein). As  years of smoking  
increases SOD level decreases which is statistically 
significant. (Pearson chi square=7.453, p=0.035) and NO 
level increases which is statistically significant. (Pearson 
chi square=5.845, p =0.001).

In relation to our study, the mean level of nitric oxide 
in smokers and non-smokers it was seen that the level 
of nitric oxide was increased in case of smokers. This 
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