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Comparison of Salivary Antioxidants in Healthy Smoking and
Non-smoking Men
Hamid-reza Abdolsamadi, DDS; Mohammad-taghi Goodarzi1, MD, PhD;
Hamed Mortazavi2, DDS; Maryam Robati3, DDS; Fatemeh Ahmadi-Motemayel, DDS
Background: Tobacco use is known as a serious global public health problem, and is also
an important risk factor for oral diseases. Saliva is the first biological medium encountered during inhalation of cigarette smoke. Therefore, the main
aim of this study was to compare the levels of salivary antioxidants between
healthy smoking and non-smoking men.
Methods:
Unstimulated whole saliva samples were collected from 80 men. Forty subjects were smokers with a daily consumption of 20 cigarettes for at least 10
years and 40 subjects were non-smokers. The salivary levels of uric acid,
superoxide dismutase, glutathione peroxidase, and peroxidase were measured and compared between studied groups.
Results:
The mean levels of salivary superoxide dismutase, glutathione peroxidase,
and peroxidase were significantly lower in smokers than non-smokers. There
was no statistically significant difference in the salivary uric acid level
between smokers and non-smokers.
Conclusions: Measurement of antioxidant agents in human saliva might be useful for estimating the level of oxidative stress caused by cigarette smoke.
(Chang Gung Med J 2011;34:607-11)
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T

obacco use is known as one of the most important risk factors for oral diseases such as oral
cancer, periodontal disease, cleft lip, cleft palate,
alveolar bone loss and black hairy tongue.(1-4) It is
noted that cigarette smokers have risks of oral cancer
2 to 5 times that of non-smokers.(5,6) Tobacco consumption has a direct correlation with DNA damage.
When a cell with DNA damage divides, metabolism
and duplication of cells become deranged and mutations can arise, which is an important factor in carcinogenesis.(7,8) Reactive oxygen species, free radicals
and reactive nitrogen species in inhaled cigarette

smoke have been suggested to induce a gradually
evolving process, initially expressed by dysplastic
lesions which then transform into carcinoma
lesions.(9) Recently, it has been demonstrated that the
imbalances in free radical levels and reactive oxygen
species with antioxidants may play a key role in the
onset and development of several inflammatory oral
pathologies.(10) This evidence emphasizes the role of
cigarette smoking on salivary antioxidants in the
pathogenesis of oral cancers.(9) Cigarette smoke is a
major source of free radicals and tobacco smoke
contains oxidants and pro-oxidant agents.(11-13)
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Oxidative damage to DNA and other macromolecules has been suggested in the pathogenesis of a
wide variety of diseases.(14,15) Free radical formation is
naturally controlled by antioxidants. Antioxidants are
capable of deactivating or stabilizing free radicals
before they injure cells.(16,17) Antioxidants are present
in all body fluids including saliva. Saliva may constitute a first line of defense against oxidative stress
and has protective effects against microorganisms,
toxins and oxidants. (10,18) In the second half of the
20th century, it was suggested that saliva could be
used in diagnostics. Today saliva is often used to
diagnose systemic and local diseases. The main
advantage of this medium is the easy, non invasive
sampling method compared with that for blood. (19)
However the use of saliva for detection of antioxidant alterations in smokers has been little utilized or
appreciated. Therefore the aim of this study was to
compare the level of salivary antioxidants such as
uric acid (UA), superoxide dismutase (SOD), peroxidase (POx) and glutathione peroxidase (GPx)
between smoking and non-smoking men.

METHODS
Eighty men (40 non-smokers, age range 30-48
years old, mean age 38 Ų 5.3 years and 40 smokers,
age range 31-50 years old, mean age 40 Ų 4.6 years
with a daily consumption of 20 cigarettes for at least
10 years), were enrolled in this study. All subjects
were clinically healthy and had moderate periodontitis (clinical attachment loss was 3 to 4 mm).
Participants in this study were selected from the
Oral Medicine Department of Hamadan Dental
Faculty, Hamadan, Iran during the years 2010 to
2011. Exclusion criteria for both groups were any
sign of cardiovascular, endocrine, gastrointestinal,
oral and respiratory disease, alcohol consumption,
and history of drug treatment or therapy within the
three previous months. Before salivary collection,
the study was explained and participants were asked
to complete an informed consent form.
Salivary collection

In this study unstimulated whole saliva was collected from each subject between 8-10 a.m to avoid
circadian variations. No oral stimulus was done for
90 minutes prior to salivary collection. Also, the
smoking volunteers were asked not to smoke for one

608

hour prior to the experiment. We employed a collection protocol using the modified Navazesh method.(20)
While in a sitting postion, the participants were
asked to swallow saliva, then stay motionless and
allow the saliva to drain passively for 10 minutes
over the lower lip into a sterile plastic vial. Saliva
samples were immediately centrifuged (1000 g, 10
minutes) at 4°C to remove cell debris. The resulting
supernatants were immediately deep-frozen at – 80°C
and stored for later analysis.
Measurement of Cu/Zn- SOD

The activity of Cu/Zn- SOD was measured
using a commercial kit (Ransod kit, Randox
Laboratories Ltd, Crumlin, UK). Measurement of the
enzyme was based on the generation of superoxide
radicals produced by xanthine and xanthine oxidase
and reacted with 2-(4-iodophenyl)-3-(4-nitrofenol)5-phenyltetrazolium chloride (INT) to form a red formazan dye. The formazan was read at 740 nm. One
unit of Cu/Zn- SOD was defined as the amount of
enzyme necessary to produce 50% inhibition in the
INT reduction rate.
Determination of UA The UA concentration
was measured in the saliva using a spectrophotometric kit (Parsazmun Co, Tehran, Iran). UA was transformed into allantoin and hydrogen peroxide by uricase. Under the catalytic influence of peroxidase, the
chromogen (4-aminophenazone/n-ethyl-methylanilin
propan-sulphonate sodium) was oxidized to form a
red compound, and the intensity of the produced
color was proportional to the amount of UA present
in the sample, which was read at 546 nm.
Measurement of GPx The amount of GPx was
determined using a commercially available kit
(Ransel kit, Randox Laboratories Ltd, Crumlin, UK)
by measuring the rate of oxidation of NADPH at 340
nm. A unit of enzymewas expressed as the amount of
enzyme needed to oxidize 1 nmol of NADPH oxidase/minute.
Measurement of POx

POx was measured by the method of Pruitt et
al.(21) The assay was performed by mixing 1.0 ml
phosphate buffer (pH 7.0), 1.0 ml guaiacol solution
and 1.0 ml of a saliva sample. The reaction was started by adding 1.0 ml of H 2 0 2 stock solution.
Absorbance at 470 nm (A) and time (T) data were
monitored. Initial rates (dA/dT) were determined by
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linear regression analysis of the recorded data. One
unit of POx was defined as the amount that yielded
1.0 dA for one minute. The activity of the enzyme
was expressed as units per milligram of protein in
saliva. The protein content in the samples was determined using the Bradfore method.(22)
Statistical analysis

Statistical analysis was performed using SPSS
18 software for Windows: all values were reported as
mean Ų SD. The statistical significance of differences in salivary antioxidant levels between smoking
and non-smoking men was estimated by t-test. In this
study a p value less than 0.05 were accepted as significant.

RESULTS
The mean levels of salivary antioxidants showed
that the mean GPx activity was 94.54 Ų 37.47 U/L
in the smoking group. and 133.4 Ų 26.59 U/L in the
non-smoking group. The level of GPx activity was
significantly (p = 0.000) lower in the smoking group
than the non-smoking group. The mean concentrations of salivary UA were 2.8 Ų 2.1 mg/dl and 3.7
Ų 2.6 mg/dl in the smoking and non-smoking
groups, respectively, with no significant (p = 0.094)
difference between groups. The mean SOD activity
in the smoking and non-smoking groups were 6.24
Ų 2.62 and 8.07 Ų 1.30 U/ml respectively. The
level of SOD was significantly (p = 0.000) lower in
the smoking than non-smoking group. The mean
level POx was 3.67 Ų 2.35 U/mg protein in the
smoking group and 7.53 Ų 6.24 U/mg protein in the
non-smoking group, with a significantly (p = 0.036)
lower level in the smoking group.

DISCUSSION
Cigarette smoke is a mixture of chemicals containing over 4000 constituents. Some of the compounds identified include nicotine, ammonia,
acrolein, phenols, acetaldehyde, benzopyrine, nitrogen oxides, carbon monoxide, polonium, radium and
thorium.(23) In addition, cigarette smoke contains free
radicals that can cause cellular damage. It was
demonstrated that one cigarette puff contains 1014
free radicals in the tar phase and 1015 radicals in the
gas phase, (the tar and gas phases are two major
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phases in cigarette smoke). (24) Pryor and Stone
showed the relationship between DNA damage and
tar phase free radicals after smoking.(25) These radicals are mostly quinine-hydroquinone and they are
not highly reactive.(25) On the other hand, gas phase
free radicals are generally more reactive.(26) Tobacco
smoke can alter the antioxidative capability of saliva,
but the causes of these changes are not exactly
known.(27) Also, it has been noted that the salivary
antioxidant defense system, appears to be less efficient with age. However, Nagler studied the antioxidant profile of human saliva and obtained the following values for unstimulated whole saliva (WS) and
parotid saliva (PS) in healthy non-smokers as follows: POx (WS: 283.9 & PS: 611 mU/ml), SOD
(WS: 0.79 & PS: 0.80 U/ml), UA (WS: 2.87 & PS:
10.5 mg/dl), sulfhydryls (WS: 26.6 & PS: 23.67
uM), lysozyme (WS: 28,11 & PS: 27.18 mg/L) and
total antioxidant status (WS: 0.68 & PS: 0.87
mmol/L).(18) In our study the mean level of salivary
GPx activity was significantly lower in the smoker
than non-smoker group. In agreement with this finding Zappacosta et al. showed smoking of a single
cigarette induced a significant reduction in the salivary glutathione concentration.(28)
Kanehira et al, demonstrated that the activity
level of salivary glutathione and POx were significantly higher in non-smokers than smokers.(29) In
contrast, Sohn et al demonstrated that the activity of
glutathione was significantly increased in rats
exposed to cigarette smoke.(30) On the other hand,
studies by Kocyigit et al showed erythrocyte glutathione activity was lower in smokers than nonsmokers.(31) Also, Diken et al, reported that smoking
did not affect the activity of glutathione in erythrocytes.(32) The conflicting results in these studies might
arise from differences in smoking patterns, the numbers and ages of samples, the type of tobacco, the
cigarette design including filtration, blend selection,
paper and additives and the structure of the studies
(in-vivo, in-vitro or animal study).
In this study, the uric acid concentration was
lower in smokers than non-smokers but this difference was not statistically significant. Uric acid is one
of the most important antioxodants and contributes
approximately 70% of the total salivary antioxidant
capacity. (18) This finding is in disagreement with
Zappacosta et al.(28) In contrast, Greabu et al. concluded that exposure to cigarette smoke caused a sig-
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nificant decrease in salivary uric acid and amylase.(33)
Tsuchiya et al. also demonstrated that smoking a single cigarette rapidly reduces the concentration of
plasma antioxidants such as uric acid.(34) According
to our results, the mean level of salivary SOD activity was significantly lower in the smoker group than
non-smokers. This finding is in disagreement with
Kanehira et al.(29) This difference may be related to
the age of the subjects who were evaluated for salivary antioxidant status. Agnihotri et al., showed that
the mean levels of SOD activity in the gingival
crevicular fluid (GCF) and saliva of smokers were
decreased compared with the control group and the
mean levels of SOD in the GCF and saliva of heavy
smokers were lower than those in light smokers.(35)
In the present study the mean level of oral POx
was lower in smokers than non-smokers. Reznick et
al. in in-vivo and in-vitro studies, showed a sharp
drop of oral peroxidase activity in smokers and nonsmokers after smoking a single cigarette.(36) Klein et
al. reported that exposure of the saliva of non-smoking subjects to gas phase cigarette smoke caused
76% loss of oral peroxidase activity.(37) Also, Gio et
al. demonstrated the IgA concentration, amylase
activity and oral peroxidase activity were greater in
non-smokers than smokers.(38) Oral peroxidase is a
very important salivary antioxidant and is composed
of two enzymes, salivary peroxidase, which contributes 80% of oral peroxidase, and myeloperoxidase, which contributes the main 20% of oral peroxidase.(36)
It is noted that cyanide is one of the most important factors responsible for cigarette smoke- associated loss of oral peroxidase activity.(38) Also, most of
the time, the oral epithelium of smokers is unprotected by oral peroxidase against the negative effects of
thiocyanate ions and hydroxyl radicals produced by
hydrogen peroxide.(36) The finding of reduced oral
peroxidase levels in smoking subjects may represent
a contributory mechanism for initiation and progression of cigarette smoke- related oral diseases such as
oral cancer. In 2010, Goku et al. evaluated the oxidant-antioxidant status of blood samples and tumor
tissue in patients with oral squamous cell carcinoma
and reported that antioxidant levels were significantly reduced in tissue samples from these patients compared with the control group.(39)
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Conclusion

The results of this study suggest that cigarette
smoke is associated with a significant decrease in
salivary antioxidant concentrations.
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