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Estimation and correlation of salivary thiocyanate levels in healthy and 
different forms of tobacco users having chronic periodontitis: A cross-sectional 
biochemical study
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Abstract
Background: Periodontitis is a common inflammatory disease with complex and multi‑factorial origin. Tobacco usage has 
shown its adverse effect on periodontal health. Various components within saliva not only protect the integrity of oral tissues, 
but also provide clues to local and systemic diseases and conditions. Salivary thiocyanate (SCN) has been shown to be a 
chemical indicator in smokers and smokeless tobacco users. Noninvasive nature of salivary testing has made it an attractive 
and effective alternative to blood and urine testing. Limited studies are there comparing and correlating the salivary SCN levels 
in smokers with chronic periodontitis (CP). However, no studies show correlation of salivary SCN among gutka chewers with CP. 
Aims and Objectives: The objective of the following study is to estimate, compare, and correlate the SCN levels in periodontally 
healthy, CP, smokers with CP and gutka chewers with CP subjects. Materials and Methods: Study includes 120 subjects with 
age 18-55 years, categorized as periodonally healthy (n = 30), CP (n = 30), smokers (n = 30), and gutka chewers (n = 30) with 
CP. Required clinical parameters such as gingival index, probing depth and clinical attachment loss were recorded and salivary 
SCN levels were estimated through ultraviolet-spectrophotometer. Results: Mean salivary SCN level were shown to be higher 
among smokers and gutka chewers with CP as compared to healthy and CP alone. Conclusion: The present study exhibited 
the significant increase in salivary SCN levels among smokers and gutka chewers when compared to others, concluding that the 
analysis of salivary SCN levels could be used as an adjunctive means of diagnosis.
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Introduction

Periodontitis is one of the common chronic inflammatory 
disease found in adults with multi‑factorial origin that 
affects the periodontium.[1,2] The progression of the 
disease is dependent on the host response to pathogens 
that colonize the tooth surface. In addition to the direct 
etiological impact of bacteria, cigarette smoking and tobacco 
chewing is considered to be most important environmental 
risk factors for periodontitis.[3] Significantly higher loss of 
clinical attachment level and bone loss have been observed 

in smokers.[4‑6] Periodontitis is more common and severe 
in smokers, characterized by deeper periodontal pockets, 
greater attachment loss, and more furcation defects.[7‑10] The 
use of smokeless tobacco has shown its contribution in loss 
of clinical attachment level along with local gingival recession 
at the site of placement.[11,12]

Diagnosis of periodontal disease has been primarily based 
upon clinical and radiographic measures of periodontal 
tissue destruction. Saliva is regarded as one of the important 
factors in regulating oral health, with respect to both the 
volume produced and the ingredients it contains. It is a 
complex hypotonic aqueous solution containing proteins, 
peptides, enzymes, hormones, sugars, lipids, growth factors, 
and a variety of other compounds.[13] Human saliva has been 
increasingly investigated as an alternative to serum for a 
number of diagnostic purposes due to its non‑invasive nature, 
with low risk of infection.[14] Therefore, it is expected that a 
considerable number of blood tests will be replaced by saliva 
tests in the near future.

Composition of tobacco smoke is a mixture of combustion 
gases in a suspension of particulate matter. The gas phase 
consists of carbon monoxide and hydrogen cyanide. Carbon 
monoxide, thiocyanate, nicotine, and cotinine are essential 
markers of smoke inhalation. Each cigarette delivers 
30‑200 µg of hydrogen cyanide into the mouth of the 
smokers.[15] Whereas, gutka is chewed slowly, and in this 
process its extract is absorbed locally as well as ingested to 
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enter into the systemic circulation due to saliva. The use of 
gutka has been classified as carcinogenic to humans and also 
associated with oral diseases.[16‑18]

Salivary thiocyanate (SCN) a metabolic product of cyanide, is 
an anion found in organic and inorganic compounds. SCN‑ions 
are important because, they prevent toxic accumulations of 
hydrogen peroxide (H2O2) and hypochlorite (Ocl−), which may 
be carcinogenic or mutagenic. Therefore, insufficient levels of 
these antioxidant SCN‑may provide inadequate protection from 
Ocl‑, which intern would exacerbate inflammatory diseases, 
and rendering humans to diseases linked to myloperoxidase 
activity, including atherosclerosis, neurodegeneration and 
certain cancers (e.g., Gastric cancer, etc).[19]

SCN is a normal constituent of body fluids such as serum, 
saliva, urine, and tears. Diet and tobacco are its main sources 
in human body. Salivary SCN concentration in normal 
nonsmokers ranges from 0.5 to 2 mM with an average 
of 1 mM. However, heavy smokers may have salivary 
concentration range as high as 6 mM.[20‑22]

The SCN present in the body fluids is partially because of 
detoxification of hydrogen cyanide in cigarette smokers.[23] 
The amount of SCN secretion in smokers is 200 mg/day more 
than nonsmokers.[24] This elevated level of SCN in the saliva 
of smokers may be responsible for excessive cancer risk of 
smokers through the nitrosation process,[25] which is a process 
of converting organic compounds into nitros derivatives 
which are potent carcinogens and teratogens.[26]

Though, there are numerous tobacco products in smoke of 
tobacco, SCN has a property to induce cancerous changes in 
epithelium. SCN is secreted in saliva and has a long half‑life 
of 10‑14 days in normal adults and is in continuous contact 
with epithelium through blood and saliva.[15,27]

Gutka is a popular commercially powdered product, consists 
of a number of ingredients, including tobacco, areca nut, 
slaked lime, and spices. It was introduced nearly more than 
4 decades ago and is very commonly used in India.[28] Hence, 
it is important to know about the salivary SCN being liberated 
in different forms of tobacco consumed by humans.

Taking into consideration the adverse effects of tobacco 
consumption, the present study was conducted aiming to 
investigate the salivary SCN levels in chronic periodontitis (CP) 
subjects, smokers and gutka chewers with CP and to compare 
and correlate these SCN levels with periodontitis. Our 
hypothesis is that an increase in consumption of these 
tobacco products can increase the clinical symptoms.

Materials and Methods

The present cross‑sectional study comprised of 120 subjects 
ranging in age from 18 to 55 years, randomly selected from 

the out‑patient department, Department of Periodontics, 
P.M.N.M Dental College and Hospital, Bagalkot, Karnataka, 
India. Patients were equally divided into four groups 
with 30 subjects in each group viz.; clinically healthy 
periodontium (Group I), CP subjects without any tobacco 
habits (Group II), smokers with CP (Group III) and gutka 
chewers with CP (Group IV).

Subjects were considered clinically healthy if probing pocket 
depth <3 mm. Periodontitis was defined as presence of at 
least seven teeth with probing pocket depth >5 mm. All 
subjects were systemically healthy with no medical conditions 
that would affect their participation in the study. Participants 
having CP showed no history of surgical therapy previously. 
Those patients who smoked more than five cigarettes a day 
since past several years were included in smoker’s category. 
CP subjects who chew gutka, at least since 5 years were 
included in gutka chewer’s category. The exclusion criterion 
was a history of any antimicrobial or anti‑inflammatory 
medication within the previous 3 months for any reason, 
history of regular use of mouth washes.

All potential participants were explained concerning the 
need and design of the study. Written informed consent was 
obtained from all recruits. The study protocol was approved 
by the ethical committee of P.M.N.M. Dental College and 
Hospital, Bagalkot, Karnataka, India and in accordance with 
the Helsinki Declaration of 1975 as revised in 2000.

Clinical measurements
Gingival index (GI) (Loe and Silness‑1963), probing depth (PD), 
clinical attachment loss (CAL) were recorded. PD and CAL 
were recorded to the nearest millimeter using the Williams 
graduated periodontal probe at four sites around each 
tooth (mesiobuccal, midbuccal, distobuccal and midlingual), 
excluding the third molars. One trained examiner obtained all 
the measurements so as to reduce intra‑examiner variability.

Sample collection
All the saliva samples were collected before the clinical 
measurements were recorded, between 9 a.m. to 11 a.m. 
Stimulated whole saliva sample were obtained from these 
subjects and was stored in Eppendorf tubes at −20°C until 
analyzed.[22]

Biochemical analysis
Saliva samples were centrifuged at 3800 rpm for at least 
10 min and salivary SCN concentration were estimated 
through ultraviolet (UV)‑spectrophotometer.[29]

Thiocyanate determination
A volume of 0.5 ml of supernatant saliva obtained after 
centrifugation was mixed with 9.5 ml Fe(NO3)3 reagent; 
following reaction occurs:

Fe+3 (aq) + SCN (aq) → FeSCN2+ (aq)
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This FeSCN2+ complex exhibit deep red color, which can 
be conveniently measured with UV spectrophotometry at 
447 nm wavelengths. The FeSCN2+ concentration of saliva 
solution was calculated trough Lambert and Beers law.[29]

Statistical analysis
Using Statistical Package for Social Sciences version 12 (SPSS 
Inc. Chicago, USA 1999), data were analyzed. The patient’s 
salivary SCN and clinical parameters were analyzed using 
one‑way ANOVA and Kruskal‑Wallis tests and in between 
comparison of all the four groups were carried out by using 
Scheff ’s multiple comparison test.

Results

The mean SCN level are significantly higher in smokers 
7.54817 (SD: 4.6195) followed by gutka chewers with CP 
2.34551 (SD: 1.71345) as compared to healthy 1.97453 
(SD: 1.58674) and CP subjects 1.57132 (SD: 1.41962) who 
do not use tobacco [Table 1].

Significant difference was seen in the mean values of SCN of 
smokers with CP (P < 0.001) on Scheff ’s multiple comparisons 
test. There was no significant correlation between SCN with 
age, PD, CAL in any of the groups when seen group wise. 
There exist significant correlation between SCN, age, PD, 
and CAL if one ignores the groups [Table 2].

Correlation between gingival index and salivary thiocyanate
In group GI and SCN are negatively correlated and correlation 
is very poor. In Group II GI and SCN are negatively correlated, 
i.e., if SCN increases then GI decreases or if GI increases SCN 
decreases. Poor negative association exists between GI and 
SCN in Group III. In Group IV there is a negative correlation, 
but statistically not significant [Table 3].

Discussion

The literature reveals the present study to be the first study 
to evaluate and compare the salivary SCN levels among gutka 
chewers with CP and with the smokers with CP as well as its 
correlation with CP, when compared with clinically healthy 
periodontium.

In the present study, high levels of salivary SCN were 
observed in gutka chewers with CP and levels were much 
higher in smokers with CP when compared to healthy and CP 
patients. The levels of salivary SCN in periodontally healthy 
and CP patients without any habits have no significant 
difference.

Previous reports have shown an inverse relationship between 
salivary SCN and gingival inflammation and plaque.[30,31] The 
level of salivary SCN is higher in tobacco users as compared 
with nontobacco users. Our results are in agreement with 
those reported in literature.[27,32]

In the present study, smokers with CP exhibited lower GI, 
PD and CAL as compared to gutka chewers with CP and CP 
subjects but higher GI, PD, and CAL when compared with 
healthy subjects. The study also showed that a negative 
correlation exists between clinical parameters and salivary SCN 
(Group I: r = −0.020, Group II: r = −0.500, Group III: r = −0.014, 
and Group IV: r = −0.125).

The negative and poor association between the GI of Group III 
and Group IV with SCN concludes that salivary defenses 
though compromised, the clinical symptoms occur at a slower 
rate. Therefore, a weak salivary immune system makes the 
periodontal ligament more susceptible to the disease process.

Salivary thiocyanate is responsible for neurological 
alterations (amblyopia, infant strabismus in children of 
smoking mothers) and endocrine alterations (increase in the 
incidence of nodular goiter) related to the smoking habit.[33‑35] 

Table 1: Mean±SD values of clinical parameters and 
salivary SCN levels among the study groups

Groups N PD CAL GI SCN

I 30 - - 0.7±0.45 1.97453±1.58674

II 30 5.5±0.57 6.1±0.86 1.9±0.51 1.57132±1.41962

II 30 5.4±0.56 5.8±0.86 1.4±0.56 7.54817±4.61955

IV 30 5.2±0.41 6±0.74 1.8±0.53 2.3455±1.71345

P value 0.00* 0.00*
*P<0.05 GI and SCN among smokers. SD: Standard deviation; 
SCN: Salivary thiocyanate; PD: Probing depth; CAL: Clinical attachment 
loss; GI: Gingival index

Table 2: Scheff’s multiple comparison test for SCN

Group X Group Y Significant

Group I With Group II P=0.953 NS

With Group III P<0.001

With Group IV P=0.962 NS

Group II With Group III P<0.001

With Group IV P=0.742

Group III With Group IV P<0.001*
Individual parameters are NS among groups but on group comparison, 
P value is significant in Groups III and IV. SCN: Salivary thiocyanate; 
NS: Not significant

Table 3: Group correlation coefficient between SCN and 
GI

Groups r (correlation) P value

I −0.020 0.917

II −0.500 0.005*

III −0.014 0.942

IV −0.125 0.509

P value is significant in Group II. SCN: Salivary thiocyanate; GI: Gingival 
index
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It is also one of the factors implicated in the delayed healing 
of smokers’ wounds.[36,37] Determining thiocyanate (SNC) 
levels in saliva is the most frequently used biochemical test 
for establishing the incidence or prevalence of tobacco 
consumption among adolescents.[32] The present and other 
studies indicate that whole saliva may contain simply 
measured indicators of SCN and may provide an important 
tool for treating as well as monitoring periodontitis. It also 
helps us understand the influence of local factors over the 
pathology. In long run further studies are required on large 
samples to determine the relationship between salivary SCN 
levels and periodontal disease in subjects using different 
forms of tobacco.

Conclusion

Since decades, there have been warnings against tobacco 
smoking and/or chewing and its harm to one’s health. 
Therefore, there is a need to estimated and analyze the 
effects of tobacco usage in form of smoking as well as gutka 
chewing and detriments of its components.

As gutka chewing is harmful, the alarming scenario demands 
that health agencies and governmental organizations should 
launch awareness programs to inform and educate the public 
regarding the adverse health consequences and possible 
cancer risk associated with tobacco consumption. Salivary 
SCN not only helps us differentiate smokers and nonsmokers, 
it contributes in monitoring CP.

Hence, to conclude salivary SCN level stands out to be a 
useful marker of periodontal tissue destruction proving to 
be a promising diagnostic marker.
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