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Effects of salivary thiocyanate levels on oral mucosa in 
young adult smokers: A biochemical and cytological study
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Background and Objectives: Cigarette smoking is one of the major global health issues. Accurate 
measurement of smoking is essential for accepting patterns of adolescent smoking behavior and for the 
evaluation of health education programs aimed at reducing or preventing the habit. The aim of the present 
study was to estimate and compare the salivary thiocyanate levels in young adult smokers and nonsmokers 
and also to evaluate and correlate the cellular and nuclear changes in cytological smears with salivary 
thiocyanate levels.
Materials and Methods: The study included a total of 70 individuals in the age range of 18–25 years 
comprising of 35 smokers and 35 nonsmokers. A volume of 2 ml unstimulated whole saliva samples were 
collected by spitting method and were carried in a vaccine carrier with ice pack to the laboratory to avoid 
biochemical changes. Each sample was analyzed on the same day of collection by spectrophotometric 
method. In addition, cytosmears were prepared using Cytobrush® plus and stained with rapid Papanicolaou 
stain for cytological evaluation.
Results: Salivary thiocyanate levels were significantly higher in smokers than nonsmokers. When these 
levels were compared with pack‑years, there was a progressive significant increase in salivary thiocyanate 
levels as the pack‑years increased. Duration of habit showed no statistically significant effect on salivary 
thiocyanate levels. Cytological evaluation revealed increase in nuclear‑cytoplasmic area ratio and number 
of micronuclei in smokers than nonsmokers. The correlation between salivary thiocyanate levels and 
cytological changes showed insignificant result.
Conclusion: Salivary thiocyanate levels were significantly higher in smokers than controls and showed 
significant correlation with the number of pack years. Although the present study failed to reveal any 
significant correlation between salivary thiocyanate level and cytological alterations, few early alterations 
in the oral mucosa even in the absence of clinical manifestations were detected by exfoliative cytology. 
Salivary thiocyanate determination is a safe, inexpensive, noninvasive method to differentiate early smokers 
from nonsmokers.
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INTRODUCTION

Tobacco and alcohol are the major avoidable etiological 
factors for oral cancer.[1] Tobacco smoke is made up 
of  thousands of  chemicals some of  which are known 
to be mutagens and carcinogens.[2] Carbon monoxide, 
thiocyanate, nicotine and cotinine are essential serum 
markers of  smoke inhalation. Each cigarette delivers 
30–200 µg of  hydrogen cyanide into the mouth of  the 
smokers.[3] Hydrogen cyanide is metabolized by the liver to 
thiocyanate.[4,5] In addition to cigarette smoke, thiocyanate is 
also present in certain foods, but salivary thiocyanate levels 
are not affected by alimentary sources such as cyanogenic 
food[6] or even chewed tobacco.[7]

Cigarette smoking is considered as a socially unacceptable 
behavior due to which there is denial or under‑reporting 
of  this habit among the youth.[5] The determination of  
physiological levels of  plasma thiocyanate and salivary 
thiocyanate has been used for distinguishing smokers 
from nonsmokers, but studies are scant.[6] Saliva can be 
used as an alternative to plasma in identifying smokers 
as well as in monitoring the progress during de‑addiction 
therapy due to the ease of  performing the test with 
minimal risks. Tobacco is known to cause cytological 
alterations in oral mucosa, the early changes of  which can 
be easily identified by cytology of  oral epithelial cells.[8] 
Cytology is suitable for routine population screening 
programs for oral cancer. Studies determining salivary 
thiocyanate in chronic smokers have been reported 
in the past, but studies in early smokers are few. Also 
studies to determine the association between salivary 
thiocyanate levels and cytological alterations in oral 
mucosa of  smokers are scant. Thus, the present study 
aimed at estimating the salivary thiocyanate levels in 
young adult smokers and nonsmokers and to compare 
and to correlate the levels with the cytological alterations 
in oral mucosal epithelium.

MATERIALS AND METHODS

A total of  70 individuals were included in the study. Cases 
consisted of  35 young adult smokers belonging to the 
age group of  18–25  years who were habitual smokers 
(minimum 5 cigarettes/day) with no other habits and 
the control group consisted of  35 nonsmoker healthy 
volunteers. Individuals with other habits such as alcohol 
intake, tobacco chewing and systemic diseases such as 
diabetes mellitus, hypertension and anemic patients were 
excluded from the study. A  detailed case history was 
recorded. Informed patient consent and institutional ethical 
clearance were obtained.

Patient’s smoking history (number of  cigarettes smoked, 
duration of  smoking) was noted in pack years. Pack‑year 
is a way to measure the amount a person has smoked over 
an extended period. It is calculated by multiplying the 
number of  cigarettes packs smoked per day by the number 
of  years the person has smoked divided by 20 (1 pack has 
20 cigarettes).[9]

Formula for calculating “Pack years:”

Number of pack years
Number of cigarettes smoked per day

N

=
×

uumber of year s sm  oked
20

Collection of saliva and salivary thiocyanate estimation
A volume of  2  ml of  unstimulated whole saliva was 
collected by spitting method in a sterile container. The 
samples were carried in a vaccine carrier with ice pack to 
the laboratory to avoid biochemical changes  [Figure  1]. 
Each sample was analyzed for salivary thiocyanate level on 
the same day of  collection by spectrophotometric method.

Saliva samples were centrifuged at 3000 rpm for 10 min and 
clear supernatant solution was collected. For determination 
of  salivary thiocyanate levels 0.5 ml of  supernatant saliva 
was mixed with 5 ml of  Ferric nitrate (Fe [NO3]3) reagent 
resulting in orange color in the presence of  thiocyanate. 
Thiocyanate ions react with iron ions in solution to form 
ferric thiocyanate complex giving the solution an intense 
red color which is represented by the following formula:

Fe3+ + SCN−			   FeSCN2+

Then, the solutions were measured at 447 nm wavelength 
using ultraviolet spectrophotometer (UV‑VIS Systronics 117) 
[Figure 2].

Figure 1: Saliva containers in vaccine carrier with ice packs
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Preparation of cytological smears and cytomorphometric 
analysis
Cytosmears from buccal mucosa were prepared using 
Cytobrush® plus and were stained with rapid Papanicolaou 
stain and were analyzed for cytological alterations. Stained 
cytosmears were observed under Trinocular Research 
Microscope (Olympus BX  51, Japan). Twenty‑five 
nonoverlapping intermediate mucosal epithelial cells with 
well‑defined borders were randomly selected  [Figure  3]. 
The images captured were stored in the computer, and 
cytomorphometric analysis was done using the software 
Image Proplus V‑4.1.0.0 (Media, Cybernetics, USA). The 
cytological alterations such as nuclear‑cytoplasmic area 
ratio, nuclear and cellular pleomorphism, abnormal mitotic 
figures and number of  micronuclei according to criteria 
given by Tolbert et  al.[10] were evaluated using trinocular 
research microscope. The cytological alterations were then 
correlated with the salivary thiocyanate level.

Statistical analysis
The observations were subjected to statistical analysis. 
Both parametric and nonparametric tests were used. Study 
groups were compared using Student’s unpaired t‑test. 
Tukey post hoc test was used for pairwise comparison. The 
correlation was done by Spearman’s correlation coefficient.

RESULTS

Salivary thiocyanate levels were found to be significantly 
higher (P  <  0.001) in smokers  (2.86  ±  0.58) compared 
to nonsmokers  (0.67  ±  0.20). Comparison of  salivary 
thiocyanate levels (mM/L) with pack‑years among smokers 
showed a positive correlation with P < 0.001 which was 
highly statistically significant [Figure 4].

For intragroup comparison, smokers were divided into four 
groups based on pack‑years:
•	 Group I ‑ <1 pack‑year (19 cases)
•	 Group II ‑ 1 to <2 pack‑years (8 cases)
•	 Group III ‑ 2 to <3 pack‑years (3 cases)
•	 Group IV ‑ 3 to <4 pack‑years (5 cases).

There was progressive increase in mean salivary thiocyanate 
levels as the pack‑years increased [Figure 5].

For comparison of  duration of  the habit with salivary 
thiocyanate levels the cases were divided into five groups:
•	 Group A ‑ <1 year (6 cases)
•	 Group B ‑ 1 to <2 years (12 cases)
•	 Group C ‑ 2 to <3 years (8 cases)
•	 Group D ‑ 3 to <4 years (5 cases)
•	 Group E ‑ 4 to <5 years (4 cases).

Although there was a slight increase in the concentration of  
salivary thiocyanate levels with increasing duration of  the 
habit, the result was not statistically significant (P = 0.01).

Cytological alterations
Cytological alterations were assessed based on 
nuclear/cytoplasmic area ratio, nuclear and cellular 
pleomorphism, abnormal mitotic figures and number of  
micronuclei.

The mean nuclear/cytoplasmic area ratio in smokers 
and nonsmokers was 0.028 ± 0.007 and 0.025 ± 0.003, 
respectively. The values showed a mean difference of  
0.003 with P = 0.03 which was statistically significant.

There was highly significant increase in number of  
micronuclei in smokers than nonsmokers. The mean 
number of  micronuclei among smokers and nonsmokers 
was 6.94 ± 6.33 and 3.00 ± 2.51 respectively, with a mean 
difference of  3.94 and P < 0.001.

Nuclear and cellular pleomorphism as well as abnormal 
mitotic figures were not found in both the study groups 
in the present study. Hence, the correlation of  salivary 

Figure  2: Spectrophotometer used for salivary thiocyanate 
estimation (UV‑VIS Systronics 117)

Figure 3: Measurements of cellular area and nuclear area using Image 
pro-plus software
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thiocyanate levels was done only with two parameters, namely 
nuclear‑cytoplasmic ratio and number of  micronuclei. 
Spearman’s correlation coefficient showed lack of  
significant correlation of  salivary thiocyanate levels with 
nuclear‑cytoplasmic ratio (r = 0.03 and P = 0.86) [Figure 6] 
and number of  micronuclei (r = 0.10 and P = 0.59) [Figure 7].

DISCUSSION

Cigarette smoking is a serious health problem and a 
preventable cause of  death. The risk of  disease increases 
with increasing intensity and duration of  smoking.[2] Precise 
measurement of  smoking is essential for identifying 
patterns of  adolescent smoking behavior and for the 
evaluation of  health education programs aimed at reducing 
or preventing the habit. Chemical measure of  salivary 
thiocyanate shows accurate, quantitative information on 
smoking behavior.[11]

Thiocyanate, a metabolite product of  cyanide is an anion 
found in organic and inorganic compounds. Salivary 

thiocyanate concentration in nonsmokers ranges from 
0.5 to 2 mM with an average of  1 mM, but in heavy 
smokers, it may reach a level as high as 6 mM.[12]

“Thiocyanate is a powerful catalyst of  nitrosation. Nitrate 
can be present in stomach from bacterial byproducts or 
food. The acidic condition in the stomach might cause 
nitrate to form the nitrosyl cation which can react with 
thiocyanate anion under formation of  N‑nitrosamine 
as stated earlier or it might cause the formation of  
reactive NO and SCN radicals which can be involved in 
carcinogenesis.”[13]

The comparison of  salivary thiocyanate levels among 
smokers and nonsmokers showed a highly significant 
increase (P < 0.001) in thiocyanate levels in smokers in 
the present study. This was in accordance with previous 
studies which showed similar findings.[6,14‑16]

The literature in the past has shown that the persons who 
smoke more cigarettes have higher salivary thiocyanate 
levels.[6,11] Similar findings were noted in the present 

Figure  6: Graph showing correlation between mean salivary 
thiocyanate levels (mM/L) with nuclear cytoplasmic ratio in smokers

Figure  7: Graph showing correlation between mean salivary 
thiocyanate levels (mM/L) and number of micronuclei in smokers

Figure 5: Graph showing comparison of mean salivary thiocyanate 
levels (mM/L) with pack years among smokers

Figure 4: Graph showing mean salivary thiocyanate levels (mM/L) in 
smokers and nonsmokers
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study. There was a progressive and statistically significant 
increase in mean salivary thiocyanate levels as the number 
of  pack‑years increased.

The relation of  the duration of  habit with salivary 
thiocyanate levels has not been reported in the literature 
so far. To compare the duration of  habit with salivary 
thiocyanate levels, the cases were divided into five groups 
ranging from  <1  year group to 5  years’ group. It was 
observed that though there was a slight increase in the 
salivary thiocyanate levels with increasing duration of  
the habit, the result was not statistically significant. This 
suggests that the salivary thiocyanate levels are not as 
strongly associated with the duration of  smoking as they 
are with the frequency of  smoking. Previous studies have 
included heavy smokers who smoke more than 20 cigarettes 
a day for more than 10 years in contrast to this study.[17]

When cytological alterations were evaluated the 
nuclear/cytoplasmic area ratio showed an increase in 
smokers and no change in nonsmokers. Similar results 
were noticed by Goregen et al. who considered the cause of  
increased nuclear‑cytoplasmic ratio to be a smoking‑related 
adaptation by cells that might have been in progression to 
dysplastic change.[17]

Micronucleus assay in exfoliated buccal cells is a useful and 
minimal invasive method for monitoring genetic damage in 
humans. The present study showed a significant increase 
in number of  micronuclei in smokers than nonsmokers. 
The smokers and nonsmokers in the study were chosen 
from the same local population randomly and were sex 
and age matched. Thus, the increase in micronuclei seen 
in smokers could be attributed to the habit of  smoking. 
Similar results have been reported by Zamani et al. who 
found that micronuclei are due to carcinogenic substances 
present in cigarette mostly DNA toxic carcinogens.[18] It 
is an established fact that the carcinogenic substances 
cause genetic mutations, chromosomal abnormalities and 
micronuclei.[19] The other lifestyle factors associated with 
genetic damage include alcohol consumption and diet, 
and vitamin deficiencies may explain the presence of  
micronuclei in nonsmokers.[18,19]

Abnormal mitotic figures and cellular and nuclear 
pleomorphism which are among the accepted cellular and 
nuclear signs of  malignancy were not found in either study 
group. This could be due to the reason that the samples 
were obtained from clinically normal buccal mucosa of  
smokers and nonsmokers. Furthermore, the fact that the 
study individuals were still young and habitual smokers 
with shorter duration of  smoking and limited number of  

cells evaluated cytologically in the present study could have 
influenced this finding. This was in contrast to previous 
studies where the individuals were heavy smokers with 
longer habit duration.[11,17] Luepker et al. found that salivary 
thiocyanate levels could discriminate between different 
smoking levels however it was not helpful in detecting very 
low‑level smokers, such as experimenters or those smoking 
only a few cigarettes a month.[11]

Levels of  salivary thiocyanate when correlated with the 
cytological alterations such as nuclear‑cytoplasmic area 
ratio and number of  micronuclei, revealed statistically 
insignificant result. Although thiocyanate has been found 
to have carcinogenic effects in the stomach[20,21] it failed to 
show significant cellular and nuclear alterations in the oral 
cavity, which may be explained by the differences in the 
local environment such as pH (acidic in the stomach and 
buffered to stay neutral in the oral cavity).

This study has added to available knowledge by showing 
that in smokers, the total number of  pack‑years and not 
the duration of  the habit is associated with a significant 
increase in the levels of  thiocyanate. In addition, the 
study demonstrated a lack of  correlation between salivary 
thiocyanate levels and cytological alterations related to 
malignant transformation in the oral mucosa. Thus, 
emphasizing the differences in effects of  chemicals based 
on site variation. The study also once again proved the 
usefulness of  salivary thiocyanate tests as an acceptable 
biomarker for smoking.

Limitations and future scope
This study was performed on a limited number of  
cells (25  cells) examined from each case for cytological 
alterations. A study with more cells is needed. Although 
few cytological changes were evident in early smokers, 
results were insignificant. A  longitudinal study on the 
same individuals could be done to check if  any cytological 
alterations develop at a later stage as the number of  
pack‑years increase. A  similar study can be done in 
individuals with longer habit duration to determine the 
role of  habit duration. This may help in early intervention 
and prevention of  further dysplastic changes. Studies to 
test accuracy to use salivary thiocyanate as a marker for 
smoker detection should also be considered.

CONCLUSION

Salivary thiocyanate levels were significantly higher 
in smokers than nonsmokers and showed significant 
correlation with the number of  pack‑years. Although the 
present study failed to reveal any significant correlation 
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between salivary thiocyanate level and cytological 
alterations, few early alterations in the oral mucosa even 
in the absence of  clinical manifestations were detected by 
exfoliative cytology. Salivary thiocyanate determination is 
a safe, inexpensive, noninvasive method to differentiate 
smokers from nonsmokers.
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