
Int J High Risk Behav Addict. 2016 June; 5(2):e27969.

Published online 2016 February 8.

doi: 10.5812/ijhrba.27969.

Research Article

Salivary Sialic Acid Levels in Smokeless Tobacco Users

Leila Farhad Mollashahi,1 Marieh Honarmand,1,* Alireza Nakhaee,2 and Ghasem Mollashahi3

1Department of Oral Medicine, Oral and Dental Disease Research Center, School of Dentistry, Zahedan University of Medical Sciences, Zahedan, IR Iran
2Department of Biochemistry, School of Medicine, Zahedan University of Medical Sciences, Zahedan, IR Iran
3Zabol University of Medical Sciences, Zabol, IR Iran

*Corresponding author: Marieh Honarmand, Department of Oral Medicine, Oral and Dental Disease Research Center, School of Dentistry, Zahedan University of Medical
Sciences, Zahedan, IR Iran Tel: +98-5433229897, E-mail: honarmand56@yahoo.com

Received 2015 February 19; Revised 2015 April 15; Accepted 2015 May 10.

Abstract

Background: Smokeless tobacco chewing is one of the known risk factors for oral cancer. It is consumed widely by residents of
southeastern Iran.
Objectives: In this study, salivary free and total sialic acid, and total protein were compared in paan consumers and non-consumers.
PatientsandMethods: In this cross-sectional study, unstimulated saliva of 94 subjects (44 paan consumers and 50 non-consumers)
who were referred to the oral medicine department of the dentistry school of Zahedan were collected. Salivary free and total sialic
acid, and total protein concentration were measured by standard biochemical methods, and the obtained data were analyzed using
SPSS 20 through the non-parametric Mann-Whitney test.
Results: The concentration of salivary free sialic acid (23.21 ± 18.98 mg/L) was significantly increased in paan consumers. The con-
centration of salivary Total sialic acid (TSA) (39.57 ± 26.58 mg/L) and total protein (0.77 ± 0.81 mg/mL) showed increases in paan
consumers, however, the results were not statistically significant.
Conclusions: Salivary free and total sialic acid, and total protein were higher in the paan consumers compared to non-consumers.
Due to the carcinogenic effect of smokeless tobacco, measurement of these parameters in saliva may be useful in early detection of
oral cancer.
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1. Background

There are almost 30 types of smokeless tobacco (ST),
which are consumed via inhalation, chewing, sucking, or
putting on the gums and teeth (1). These products in-
clude different carcinogenic compounds such as tobacco-
specific nitrosamines, cadmium, lead, polonium 210, ben-
zopyrene, and formaldehyde (2, 3).

The relationship between the consumption of these
products and oral and laryngeal carcinoma in laboratory
animals has been confirmed (4). Also, several studies have
shown a relation between the users of smokeless tobacco
and oral cancer (5-9).

With regard to the fact that early diagnosis is the key to
the treatment of oral cancer (9, 10), remarkable efforts are
being made to provide reliable, sensitive biochemical tests
for this purpose (10). Different researchers have reported
increased serum (11 - 12) and salivary (10, 13, 14-15) sialic acid
levels in oral cancer patients. Sialic acids are sugar com-
pounds at the end of oligosaccharide chains of glycopro-
teins and glycolipids, which play an important role in the
development of neoplastic behaviors, as important com-
pounds of cell membranes (16).

These macromolecules play an important role in iden-
tification, impact of cells on each other and cell adhesion,
which are important in the emergence of malignant trans-
formation. Improper sialylation in cell membranes is con-
sidered an important event in the development of malig-
nant change (10). In other words, an increased amount of
sialic acid on the surface of tumor cells, and its secretion
by some cells, increases its concentration in the blood or
saliva (16). Several studies with contradictory results have
been conducted on the serum and salivary levels of sialic
acid in tobacco product consumers (16-19).

2. Objectives

With regard to the carcinogenic effects of ST on the
oral cavity, few studies have been conducted on the salivary
level of sialic acid in ST consumers as a diagnostic marker
of oral cancer, the importance of early diagnosis of oral
cancer, and also on the different ingredients and contents
of ST, considering where the products are used. Therefore,
this study aimed to assess the level of salivary sialic acid in
ST consumers in southeastern Iran.
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3. Patients andMethods

3.1. Participants

In this cross-sectional study, 44 individuals consum-
ing paan and 50 non-consumers among individuals ac-
companying patients referred to the Department of Oral
and Maxillofacial Surgery in Zahedan Dental School from
February 2012 to January 2013 were selected using the con-
venient sampling method. All individuals volunteered for
the study and a written consent was obtained from all par-
ticipants.

3.1.1. Inclusion Criteria

1. Willingness to participate in the study, 2. Daily con-
sumption of a 10 g paan pack for at least a year by case
group members.

3.1.2. Exclusion Criteria

1. Suffering from systemic or oral diseases, 2. Consump-
tion of any type of medication, 3. Consumption of other
tobacco products including cigarette and hookah, 4. Expo-
sure to cigarette smoke.

3.2. Samples

Unstimulated saliva was collected using the spitting
method. All patients were asked to refrain from eating,
drinking, and brushing their teeth for 90 minutes before
the sampling. All samples were collected between 9 - 11 Am.
Individuals discharged their saliva in a pre-sterilized test
tube (gamma counter) 1 - 2 times per minute for 10 minutes
in a sitting position while bending forward. The tubes were
coded and sent immediately to the biochemical laboratory
of Zahedan University of Medical Sciences. The samples
were centrifuged at 5000 rpm for 10 minutes. The super-
natant was placed into another tube and stored at -70°C.

3.3. Biochemical Analyses

Salivary free and total sialic acid were measured using
the thiobarbituric acid method introduced by Skoza et al.
(20). For measurement of total sialic acid, the sample was
affected by sulfuric acid 0.1 N at the temperature of 80°C
for one hour. Afterwards, it was added to a periodate rep-
resentative sample (25 mM periodic acid in sulfuric acid
0.125 N) and incubated at 37°C for 30 minutes. The reac-
tion was stopped by adding 2% sodium arsenite. After dis-
appearance of the iodine color, 0.1 M thiobarbituric acid
(PH = 9) was added to the solution. The final solution was
kept at boiling temperature for 7.5 minutes. After cooling,
dimethylsulphoxide was added and its absorbance was
measured using a spectrophotometer (Biowave2, England)
at the wavelength of 532 nm, and the standard curve was

prepared using N-acetylneuraminic acid (Sigma, St. Louis,
MO, USA) as the standard. The amount of free sialic acid was
determined with the same method, except hydrolysis.

The total protein was measured using the method in-
troduced by Lowry and bovine serum albumin (Sigma) was
used as the standard.

3.4. Data Analysis

Research data was collected and entered into SPSS 20.
A non-parametric test was conducted to analyze the data
after checking normality using the Kolmogorov-Smirnov
test. The level of statistical significance was considered as
P < 0.05.

4. Results

In the present study, 94 individuals were divided into
consumer (44) and non-consumer (50) groups, among
which 71.3% (67) were male and 28.7% (27) were female.
Moreover, the average age of participants was 28.31± 10.15,
and 51% (48) were younger than 25 years old (Table 1). Ob-
viously, there was no significant difference between the
groups in their age, weight, and gender.

Data analysis using the Mann-Whitney test indicated
that there was no difference in the concentration of sali-
vary TSA and total protein between paan consumers and
non-consumers. However, the concentration of free sialic
acid in paan consumers was significantly higher than non-
consumers (Table 1).

With regard to the results, the average daily consump-
tion of paan in consumers was 1.41±0.65 (packs), and their
consumption duration was 4.23 ± 3.42 (years). The results
of statistical analysis regarding the level of sialic acid and
the amount and duration of paan consumption are pro-
vided in Tables 2 and 3. According to the results, with an in-
creased amount and duration of paan consumption, sali-
vary TSA, free sialic acid, and total protein increased. These
differences were significant (P < 0.05).

5. Discussion

The consumption of paan (and similar compounds)
is one of the health problems in Sistan and Balouches-
tan province in southeastern Iran. Consumption is high
because of the proximity of this province with large cen-
ters for the production, export, and consumption of ST,
including India and Pakistan. The illegal importation of
these products in luxury packaging at a low price and sim-
ilarity between the cultures and habits of inhabitants of
this province with neighboring countries has created this
problem. And, many consumers are unaware of the nature
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Table 1. Demographic and Salivary Free and Total Sialic Acid, and Total Protein Concentration in Subjects

Variable Paan Consumer (44) Non-Consumer (50) P Value

Age, y 27.52 ± 9.9 29.5 ± 10.3 0.74

Weight, kg 64.91 ± 16.57 65.92 ± 15.23 0.79

Gender,male/female 10.34 14.36 0.42

Free sialic acid,mg/L 23.21 ± 18.98 18.11 ± 16.5 0.001

TSA,mg/L 39.57 ± 26.58 38.39 ± 28.55 0.63

Total protein,mg/mL 0.77 ± 0.81 0.17 ± 0.42 0.49

Table 2. Salivary Free and Total Sialic Acid, and Total Protein Concentration of Consumers According to Amount of Consumption

Variable
Amount of Consumption (Packs Per Day)

P Valuea

1 Pack 2 Packs 3 Packs

Free sialic acid,mg/L 20.94 ± 10.71 21.27 ± 16.36 23.76 ± 21.65 0.021

TSA,mg/L 34.52 ± 12.67 40.09±29.89 48.28 ± 28.70 0.025

Total protein,mg/m 0.64 ± 0.67 0.75 ± 0.78 1.28 ± 1.26 0.001

a Mann-Whitney test.

Table 3. Salivary Free and Total Sialic Acid, and Total Protein Concentration of Consumers According to Duration of Consumption

Group Variable
Duration, y

P Valuea

Less Than 5 More Than 5

Free sialic acid,mg/L 15.70 ± 15.04 20.76 ± 18.01 .045

TSA,mg/L 29.84 ± 21.95 39.56 ± 27.84 .001

Total protein,mg/mL 1.04 ± 0.51 1.45 ± 0.71 .036

a t-test.

and side effects of these products, which lays the ground-
work for this problem. Paan includes several carcino-
genic compounds, including tobacco-specific nitrosamine
(TSNAs), arecoline, and reactive oxygen species. Tumors
have developed in different organs of laboratory animals
due to the consumption of gutkha and paan masala. Us-
ing these compounds in the diet of Swiss mice resulted in
the development of tumors in their lungs, stomach, liver,
testicles, ovaries, and adrenal glands (21). Betel quid, with
or without tobacco, and areca nut are classified by the In-
ternational Agency for Research on Cancer as compounds
“carcinogenic to humans” (22). Their consumption is also
related to oral and pancreatic cancer, periodontal disease,
cardiovascular disease, and exacerbation of asthma at-
tacks (23). In addition, serum TSA is used as tumor marker
in different cancers such as colorectal, prostate, and breast
cancers (17). Increased serum (11-12) and salivary (10, 13, 14-
15) sialic acids levels have also been reported in oral cancer

patients. An increased concentration of sialic acids in tu-
mor cells, and its secretion by some of these cells, increases
its concentration in the blood or saliva (16, 17). Therefore,
the assessment of the level of glycoconjugates can be use-
ful in early diagnosis and staging of oral cancer, which is
often related to the consumption of ST and cigarettes (16).
The consumption of tobacco products, including ST, is also
considered as a risk factor for cardiovascular diseases (23,
25).

Moreover, an increased level of salivary TSA is report-
edly a reflector of the risk of cardiovascular diseases in ST
consumers and smokers. Although the reason for the rela-
tionship between TSA and cardiovascular diseases has not
been identified, it can be said that a high salivary TSA level
is caused by sialylated glycoproteins of acute phase pro-
teins, including α1-acid glycoprotein, α1-antitrypsin, α1-
antichymotrypsin, and ceruloplasmin (17).

The results of this study indicated that although the av-
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erage concentration of salivary TSA is higher in paan con-
sumers compared to non-consumers, this difference is not
statistically significant. Several studies with contradictory
results have been conducted in this area. However, it is
hard to compare the results of the present study with those
of other studies due to the consumption of a different
type of tobacco and the difference in duration and amount
of consumption, the age of participants, the biomarker
measurement method, and sample type (blood or saliva),
which is one of the limitations of this study. However, the
results of the present study are consistent with those by
Kurtul et al. (18), whose results showed no significant sta-
tistical difference was observed between the level of sali-
vary sialic acid in smokers and non-smokers. Joshi and
Patil found no relationship between the habits of chewing
tobacco and betel nut, or smoking and drinking alcohol,
and the level of serum TSA (24).

The results of present study are inconsistent with those
of another study conducted by Kurtul. In two different
studies, Kurtul et al. measured the level of serum and sali-
vary TSA in the consumers of a type of ST called maras pow-
der (16, 17). In these studies, the level of serum and salivary
TSA was higher in maras powder consumers compared to
the control group. The reason for the differences in the re-
sults of these studies compared with the present study is
probably the use of nicotiana rustica linn (NRL) tobacco
in maras powder, which includes 6 - 10 times more nico-
tine than the nicotiana tobacum tobacco used in cigarettes
and chewing tobacco (16, 17). Nicotine in tobacco can
cause oxidative stress in cells (17), so it can be said that the
higher the nicotine content, the higher the level of oxida-
tive stress. According to a report by Goswami et al. (26),
there are significant associations between protein-bound
sialic acid and oxidative stress Therefore, increased sali-
vary TSA is justified in the consumers of this type of ST.

The results of a study by Vajaria et al. (13) are inconsis-
tent with those of our study. In their study, the serum and
salivary TSA of tobacco consumers in the control group and
patients with oral cancer was higher than non-consumers.
The older age of its participants could be the reason for the
different results of the aforementioned study.

Regarding salivary free sialic acid, our results were con-
sistent with a study by Trivedi (10), although that study was
conducted in patients with oral cancer who consumed to-
bacco, so it is difficult to compare results.

In the present study, the level of salivary TSA increases
with an increased amount and duration of paan consump-
tion, which is consistent with the results of the study by
Kurtul (17). In the aforementioned study, increased TSA
had a significant relationship with duration and amount
of consumption.

Finally, it can be said that the investigation of the saliva

of smokeless tobacco consumers can be helpful as a new
method for early diagnosis and effective treatment of oral
cancer.

According to our research results, the levels of salivary
total sialic acid and total protein in paan consumers were
higher than non-consumers, but these differences were
not significant. Moreover, a positive relationship was ob-
served between the salivary parameters and the amount
and duration of paan consumption.

A study with a larger sample size is suggested to be con-
ducted on the effect of different tobacco-containing and
non-tobacco chewing compounds on serum and salivary
glycoconjugates.
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