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Abstract

Objective: Oral cancer istheleading malignancy in India, with tobacco playing a major rolein the etiology.
Theaim of the present study wasto quantify nitrate+nitrite (NO2+NO3) in tobacco productsaswell asto study
tobacco exposurerelated biomarkersin controls, patientswith oral precancers(OPC) and oral cancer patients.
Materials& Methods: Healthy individuals (h=90) were grouped into without habit of tobacco (NHT, n=30) and
healthy individualswith habit of tobacco (WHT, n=60). Oral cancer patientswith atobacco habit wereclassified
into abstinence (n=62) and non-abstinence (n=64) groupsaccor ding to statusat the study time. Urinary nicotine
and cotininelevelswereanalyzed by modified high-pressureliquid chromatography (HPL C) usinga UV detector.
Levels of NO2+NO3 in tobacco and urine, and urinary thioether levels were estimated by spectrophotometry.
Results: NO2+NO3 levelsin different types of tobacco product ranged between 0.13 to 3.39 mg/g. The Odds
Ratio (OR) analysis indicated positive associations of both smoking and chewing habits of tobacco with high
risk of development of oral cancer. Urinary nicotine, cotinine and NO2+NO3 levels were significantly elevated
in WHT, patientswith OPC and oral cancer patients as compared with the NHT group. Thiswas also the case
for urinary thioether levels. Levels of urinary nicotine and cotinine were also higher in the non-abstinence
group with oral cancers. Conclusion: The results confirmed that tobacco chewing and smoking habits are
prominent risk factorsfor development of oral cancer in thewestern part of India (Gujarat). Urinary nicotine,
cotinine, NO2+NO3 and thioether levels can be helpful for screening programsfor oral cancer.
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I ntroduction 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanone (NNK)
and 4-(methyl nitrosamino)-1-(3-pyridyl)-1-butanol
Oral cancer is one of the 10 most common cancers {NNAL), which are called tobacco specific nitrosamines.
the world. Tobacco products cause around 30% of dllhe components of nicotine, cotinine, nitrate and nitrite
cancer death in developed countries (Peto et al.,1996).4ine important progenitors in the formation of tobacco
spite of this, there are over one billion smokers in the worlgpecific nitrosamines (Hoffmann and Hecht, 1985).
and millions of people who use smokeless tobacco Nicotine, cotinine and NO2+NO3, the major
products (Hatsukami and Severson, 1999; Pershageaonstituents of tobacco products that are excreted in urine
1996). Exposure to environmental tobacco smoke is alsf tobacco-exposed individuals, can be used as the
a recognized cause of cancer (Benowitz, 1999). Worlgharkers of tobacco exposure. Urinary nicotine and
health organization (WHO) has reported that about 90%otinine can be estimated by various methods including
of oral cancer in South-East Asia is attributed to use ahin layer chromatography, high performance liquid
tobacco. In India, oral cancer is highly prevalentchromatography (HPLC), gas chromatography and
comprising 35-40% of all malignancies, due to the hab#pectrophotometry. Urinary thioether levels can be also
of tobacco chewing in betel quid commonly observed imiseful as biomarkers of tobacco exposure, because the
the population (Daftary et al., 1991). tobacco exposure to electrophilic moieties increases
Millions of people in India consume tobacco in varioughioether levels in urine (Bhisey et al., 1992). Urinary
forms. Many individuals who do not consume tobaccahioether levels are the index of total electrophilic burden
are also exposed to tobacco smoke or smokeless tobage®ody. Such data from tobacco products and biological
products. These products contain thousands of chemidalids can be helpful for development of preventive
constituents including major alkaloid (nicotine) and minostragies. Therefore, aim of the study was to quantify
alkaloids (noricotine, anabasine, anatabine etc.). Thes#g2+NO3 in tobacco product and to assess role of
alkaloids can react with nitrite to form nitrosamines liketobacco habits as risk factors for development of oral

Biochemistry Research Divisioieputy Director (Research & EducatiofYjsiting Professor from University College Hospital,
London, UK/Surgical OncologyDirector, The Gujarat cancer & Research Institute, Asarwa, Ahmedabad - 380 016, India
*For correspondence: E-mail: prabhudas_p@hotmail.com, Fax #: 91 79 22685490

Asian Pacific Journal of Cancer Prevention, Vol 8, 200229



Jayendra B Patel et al

Table 1. Details of Healthy Individuals (N=132) and
Oral Cancer Patients (N=126) for the Odds Ratio Pan Masala
Analysis

Sunffing Productx5

Healthy  Oral Cancer

Individuals Patients Cigarrette
Median Age (years): 32 45 Bidi
Age Range 19-62 22-75
Tobacco History: Non-habituate 53 13 Gutkha
Habituate 79 113
Present status:  Abstinence 00 62 Tobacco powder
Non-abstinence 79 64 S S w w U f w
Type: Chewers 58 62 0 01 02 03 04 05 06 07 08 09 1
Smokers 17 27 Figurel. NO2+NO3 Levels in Different Tobacco
Chewers+ Smokers 03 18 Products

cancer. We also evaluated urinary nicotine, cotininegxtracted into organic phase under alkaline condition
thieother and NO2+NOS levels in healthy individualsaccording to Lequang Thuan et al. (1989). These
without habits of tobacco (NHT), healthy individuals with compounds were separated using reversphase
habits of tobacco (WHT), patients with oral precancerghromatography (C18 column) and detected at 254 nm

(OPC) and oral cancer patients. using an U.V. detector (Watson, 1977). Spectrophotometric
methods were used for estimation of urinary thioether and

Materials and Methods NO2+NO3 (Green et al., 1982; Bagwe and Bhisey, 1995;
Van Bezooijen et al., 1998). Urinary creatinine levels were

Study group sampling for OR analysis measured by alkaline picrate method (Varleg, 1967).

Patient demographics were collected for healthy Data were statistically analyzed using the SPSS
individuals (n=132) and oral cancer patients (n=126) bgtatistical software (Version 10). Student’s unpaired t- test
interview guestionnaires. The information ascertainedvas performed to compare levels between controls and
included details of age, sex, tobacco habits, duration anghtients with OPC and oral cancer patients. Relative risks

frequency of tobacco consumption (Table 1). of cancer in healthy individuals were estimated by
computing OR. 95% confidence interval (Cl). Pearson’s
Study group for urinary biomarkers correlation was studied to assess association between

The subjects were enrolled from a single centre fobiomarkers. Receivers Operating Characteristic (ROC)
analysis of the biomarkers and included 15 patients witburves were constructed to evaluate discretionary efficacy
OPC, 126 oral cancer patients, 30 NHT and 60 WHT of the biomarker levels between patients and controls. Data
Urine samples from 10 children without environmentalwas considered statistically significant when p values were
tobacco exposure were also included as controls. All th@.05 or less.
subjects were divided into tobacco users and non-users.

Tobacco users were further classified into abstinencResults

(patients who stopped tobacco habit before 15 days) and

non-abstinence (patients who were consuming tobacco BO02+NO3 levels in different tobacco products

the time of interview) groups as per their tobacco cessation Figure 1 shows levels of NO2+NO3 contents in

status. different tobacco products and pan masala. NO2+NO3
contents in the products ranged from 0.13 to 3.39 mg/gm.

Sample collection

Twenty six brands of tobacco products and six brandRisk of oral cancer in tobacco habitués
of pan masala were collected for estimation of NO2+NO3. Table 2 illustrates the risk estimates for oral cancer in
The brands of tobacco products and pan masala select@pacco habitués and related variables.
for the study were the most commonly used by tobacco
habitués in Gujarat (western part of India). Pan masal@atterns of nicotine and cotinine
products were not containing tobacco, but they contained Figure 2 shows representative patterns of urinary
areca nut, lime and catechu. Tobacco products weficotine and cotinine in an NHT and a WHT. Urinary
classified into major groups including cigarette (n=4), bidinicotine and cotinine peaks were not detected in urine
(n=4), gutkha (n=9), tobacco alone (n=6), and snuffinggamples of a child (a). The NHT group revealed either
products (n=3). Urine samples were collected from orabsence (b) or faint presence (c) of nicotine and cotinine
cancer patients prior to initiation of any anticancer therappeaks. Further, WHT showed prominent presence of

and stored at -20 °C until analyzed. nicotine and cotinine peaks in urine samples (d). As clear
from representative patterns of urinary nicotine and
Methods cotinine in patients (Figure 3), urinary nicotine and cotinine

NO2+NO3 levels in tobacco products were estimate®€aks were prominent in tobacco non-abstinence group
by Griess reagent method as designed by Pakhale aftpatients with QPC and oral cancer patlents.These peaks
Maru (1995). Urinary nicotine and cotinine levels werewere not found in the tobacco abstinence group of the
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Table 2. Odds Ratios of Oral Cancer for Tobacco

Habits . ”
Ca/lCo OR(95% Cl) pvalue Fl
Non habitual* 12/53 1 | |.L | | 4
Habitual 90/79 6.3 (3.2-12.6) 0.0001 | | |
Smokers 27/27 7.0 (2.9-16.9) 0.0001 | [
Duration <=10years 6/4 2.3(0.4-13.8) 0.002

11-19years 7/5 9.6 (2.0-47.5) 0.0001 - o
>19years 14/8 12.7 (4.5-35.6) 0.0001 - ;
Frequency 1-10/day 6/5 8.2 (2.1-31.7) 0.003

10-20/day  11/7  7.2(2.3-22.3) 0.001 i s, B |

>20/day ~ 10/5 13.0(3.6-46.2) 0.0001 JEE e <
Chewers 62/58 4.7 (2.3-9.7)  0.0001 RN e &l
Duration <=10years 25/36 4.0(1.7-9.6) 0.001 e e

11-19 years 17/16 6.1(2.3-16.4) 0.0001
>19years 18/14 11.6 (4.9-25.4) 0.0001
Frequency 1to 4/day 27/33 4.8(2.0-11.5) 0.0001
>4 to 8/day 21/17 7.3(2.8-18.9) 0.0001
>8/day 11/10 6.5(2.1-19.7) 0.001
Both Smokers+Chewers 18/3  26.5 (6.7-104.6) 0.0001

Figure2. Representative Patternsof Controlsa. Achild
showing absence of nicotine and cotinine peaks. b.A NHT
showing absence of nicotine and cotinine peaks. c. A NHT
showing faint presence of nicotine and cotinine peaks. d. AWHT
Ca: Cases, Co: Controls, OR: Odd Ratio, Cl: Confidenc&howing prominent presence of nicotine and cotinine peaks
Interval,* Reference Category

patients. Weak HPLC signals showing faint positivity of ore
nicotine and cotinine were also observed in few samples o o
of tobacco abstinence group in oral cancer patients. I '|! [ m—ms | ||

e
—1
—_ -
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Levels of urinary biomarkers ' AW
Figure 4 displays urinary nicotine, cotinine, thioether S
and NO2+ NO3 levels in controls, patients with OPC and

[Gral Lancor]
oral cancer patients (both non-habitués and habitués).

Urinary nicotine and cotinine levels were significantly a :|
higher (p=0.001 and p=0.03, respectively) in WHT than £ ! - f It
NHT. Urinary thioether and NO2+ NO3 levels were also N |
higher in WHT than NHT, but the difference was not | WL s

statistically significant. Patients with OPC showed L i

significantly elevated urinary nicotine, cotinine and NQZTigure 3. Representative Patterns of OPC and Oral

NO3 levels (p=0.005, p=0.043 and p=0.01, respective} ancer Patients. 1.A patient with OPC (tobacco non-

as compared to NHT. Oral cancer patients (both tobacg@stinence) showing presence of nicotine and cotinine peaks. 2.
non-habitués and tobacco habitués) also showedpatient with OPC (tobacco abstinence) showing absence of
significantly elevated urinary nicotine (p=0.001 andhicotine and cotinine peaks. 3.A oral cancer patient (tobacco
p=0.001), cotinine (p=0.009 and p=0.009), thioethenon-abstinence) showing presence of nicotine and cotinine peaks.
(p=0.05 and p=0.001) and NO2+ NO3 (p=0.031 and. A oral cancer patient (tobacco abstinence) showing absence
p=0.035) levels as compared to NHT. of nicotine and cotinine peaks.
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Figure 4. Urinary Nicotine, Cotinine, Thioether and NO2+NO3 L evelsin the Subjects
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(b) BetweentNHT andtpatients with OPC

(c) Between NHT and oral cancer patients
Jayendra B Patel et al

Table 3.Urinary Parametersin NHT, WNT and Patients

NHT WHT Patients
Chewers Smokers Chewers Smokers
Nicotine 0.12+0.09 1.18:0.25 1.60+ 0.26 0.70+ 0.27 0.83:0.2
Cotinine 0.06+ 0.03 1.250.32 1.40+0.22 0.23+ 0.99 0.85: 0.3
Thioether 1.3%0.19 1.590.17 2.3 0.3T 2.64+ 0.37 2.3 0.3
NO2+NO3 18.5+ 2.83 27.2+ 3.43 28.3+5.3 52.10t 8.151° 49,9 8.00%

Values are MeatSE 1: p=0.0001, 2:p=0.005, 3:p=0.05, 4:p=0.001,5:p=0.04, 6:p=0.032, 7:p=0.018, 8:p=0.006, 9:p=0.002 compared to

NHT10:p=0.001 and 11:p=0.002 compared to WHT Comparison of urinary biomarkers with reference to
Table 4. Urinary Parametersin Non-abstinence and  tobacco habits

Abstinence Groups of Oral Cancer Patients Table 3 provides mean urinary nicotine, cotinine,
Parameters Abstinence  Non- abstinence p value thioetherand NO2+NO3 levels in NHT and only tobacco
— chewers and smokers in controls and oral cancer groups.
CN:Icftci):irr]\(; 8;8; géé 834; 8;2 882 Mean urinary nicotine, cotinine and NO2+ NO3 levels
Thioether 2 3% 045 284 059 NS were significantly higher in WHT (both smokers and
NO2+ NO3 555 11.6 442+ 11.28 NS chewers) and oral cancer patients (both smokers and

chewers) than NHT. Mean urinary thioether levels were
significantly higher in WHT (only smokers) and oral
cancer patients (both smokers and chewers) than NHT.
But the levels were comparable between NHT and WHT
(only chewers). Oral cancer patients (both smokers and
chewers) showed significantly elevated NO2+ NO3 levels
as compared to WHT (both smokers and chewers).

Values are MeatSE. NS: Not Significant

B Caps

| ... Comparison of tobacco abstinence and non-abstinence

. T;_,_ S groups with oral cancer

S Comparison of urinary nicotine, cotinine, thioether and

: NO2 + NO3 levels in tobacco non-abstinence and
abstinence groups of oral cancer patients are shown in
Tabe 4. Mean values of urinary nicotine and cotinine
levels were significantly higher in tobacco non-abstinence

(a) Between NHT and WHT groups than the abstinence group (p=0.05). However,

I urinary thioether and NO2+ NO3 levels were comparable
- ____I]__. between tobacco abstinence and non-abstinence groups.

EIEC LN

_— "!. ROC curves (Figure 5a) revealed that urinary nicotine,
ety T cotinine, and NO2+NO3 levels had significant efficacy
}.._ e .l-l_”‘ | to discriminate between NHT and WHT (p=0.0001,

Si BE e o AR o p=0.0001 and p=0.045, respectively). Urinary nicotine,

i = cotinine and NO2+NO3 levels also showed high accuracy

in discriminating between NHT and patients with OPC

b) Between NHT and patients with OPC (Figure 5b). The ROC curve for urinary thioether could
not exhibit high sensitivity and specificity for
discriminating between NHT and patients with OPC. The
ROC curves in Figure 5c¢ depicts that urinary nicotine,
cotinine, thioether and NO2+NO3 had high accuracy to
discriminate between NHT and oral cancer patients.

e : IJ Receiver’s operating characteristic (ROC) curves
J.: 4

Correlation between biomarkers by Pearson’s test
Nicotine and cotinine are well known biomarkers for
tobacco exposure. However, there are few reports on
thioether and NO2+NO3 as biomarkers of tobacco
o exposure. Hence, the role of urinary thioether and
NO2+NO3 as biomarkers of tobacco exposure needs to
be validated. Therefore, Pearson’s correlation was
(c) Between NHT and oral cancer patients per.fo_rmed'to evgluate cprrelation of ur?nary nicotine and
cotinine with urinary thioether and urinary NO2+NO3
Figure 5. ROC curves for Comparison of Urinary  levels . The alterations in urinary thioether levels were
Nicotine, Cotinine, Thioether and NO2+NO3 L evels positively associated with urinary nicotine (r=0.152). The
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changes in urinary NO2+NO3 levels were positivelyand WHT, between NHT and patients with OPC as well

associated with urinary cotinine levels (r=0.113). as between NHT and oral cancer patients. Thus, the result
reveals that this method is highly sensitive and specific
Discussion for urinary nicotine and cotinine estimation.

Cotinine, the proximate metabolites of nicotine have
Extensive research on tobacco has conclusiveleen extensively used as biomarkers of nicotine uptake
demonstrated that the nicotine-derived nitrosamines likkom tobacco products. However, several reports
NNK and NNN as well as nornicotine, anabasine andlocumented that urinary nicotine and cotinine can be used
anatabine-derived nitrosamines significantly contribute irs the biomarkers of exposure to environmental tobacco
tobacco carcinogenesis (Stepanov et al., 2005). THmoke (Benowitz, 1999). Several authors have reported
present study found higher levels of NO2+NO3 in tobaccthat nicotine and cotinine in urine appears to be most
alone, snuffing products and bidi. NO2+NO3 levels inspecific and the most sensitive biomarkers for exposure
cigarette and gutka were 0.14 and 0.13 mg/gmQf environmental tobacco smoke (Benowitz, 1996).
respectively. NO2+NO3 levels in pan masala were 0.03herefore, present study compared urinary nicotine and

mg/gm. These results suggested that high amount éptinine levels between children and NHT. Urinary

NO2+NO3 could be responsible for high amount ofnicotine and cotinine levels were slightly higher in NHT
tobacco specific nitrosamine in tobacco. than children. The higher levels of nicotine and cotinine
The high incidence of oral cancer in India is linkedin NHT might be due to environmental tobacco smoke.
with smokeless tobacco habits in majority of theCrawford et al (1994) reported that cotinine levels were
population, who chew tobacco in various forms. Smokingignificantly higher in children whose mother smoked
habit of tobacco like cigarettes, cigars, pipes etc also cautgpacco than the children whose mother didn’t smoke.
oral cancer (Stepanov et al., 2005). Several reports hattence, the present study included children whose mothers
suggested the association of high risk of oral cancer witidn’t use tobacco. Bhisey et al (1992) also reported that
greater amounts of tobacco used and longer duration gfean urinary cotinine levels were higher in passive
use. But the reduction in risk of oral cancer was alsémokers (bidi rollers) than unexposed individuals. Cok
associated with tobacco cessation (Winn, 2001)and Ozturk (2000) suggested that high cotinine values in
Population based case-controls studies have reported tip@ssive smokers could be attributed to factors such as
cigarette smokers have been found to 2 to 5 times highé@uration of exposure and intensity of smoking.
risks for oral cancer than that of nonsmokers (Blot et al., The present study also showed that urinary nicotine
1988 ; Hayes et al., 1999). Former cigar smokers havead cotinine levels were significantly elevated in WHT
lower risk of oral cancer than current smokers (Winn 20013s compared to NHT. The non-abstinence group of oral
but even after ten years of abstinence; cigar smokers stncer patients showed significant elevations of urinary
have three times the risk for oral cancer than that of norMcotine and cotinine levels as compared to abstinence
users (Schlecht et al., 1999). In the present study, smglfoup. There were only two patients in the tobacco
number of cases and controls were included for ORbstinence group of OPC. Therefore, comparison of
analysis. This study from Gujarat (western part of Indiapbstinence and non-abstinence groups of OPC was not
also found positive association between both tobaccearried out in the present study. Howver representative
smoking and chewing habits of tobacco and developmeiatterns showed faint peaks of urinary nicotine and
of oral cancer. These results are consistent with previo@tinine in abstinence group of OPC. Further, the healthy
data from other parts of India (Znaor et al.,2003). individuals and oral cancer patients having tobacco
Nicotine and cotinine can be detected using ultra-violemoking and chewing habits were also found to have
spectroscopy, thin layer chromatography and gabigher levels of urinary nicotine and cotinine as compared
chromatography after basic extraction. Among thesé¢o NHT. Earlier studies have reported higher urinary
methods, ultra-violet spectroscopy will not differentiatecotinine levels in healthy smokers and chewers as
between nicotine and cotinine. Other methods are eithéempared to non-habitués. Cotinine levels were also
time consuming, costly or less sensitive. But the majoassociated with frequency of smoke and smokeless
advantage of HPLC method is the rapidity of elution oftobacco consumption (Cok and Ozturk, 2000; Surmen-
nicotine and cotinine and distinct separation leading t&ur et al., 2003). Ong et al. (1994) analysed urinary
clear detection of these compounds (Horstmann, 1985jotinine levels by HPLC method with U.V. detector and
In the present study, extraction of urinary nicotine andeported higher levels in the smokers than the non-
cotinine was done under alkaline condition usingsmokers. They also suggested that the amount of nicotine
chloroform reagent according to the Lequang et al. (1989nhaled by smokers depend not only on the number of
Quantification of nicotine and cotinine residues by HPLCcigarettes smoked, but also on the amount of nicotine per
using U.V. detector was carried out according to th&igarette, inhalation pattern of smokers and the length of
method of Watson et al (1977). Standardization was doreach cigarette smoked. Further, the authors also found that
considering various variables. Ghosheh et al (2000) algbere was a great variation in the metabolism of nicotine
reported that HPLC method is suitable for determinatio@nd cotinine among individuals. Noteworthy observation
of cotinine and nicotine metabolite levels in large numbersf the present study was that urinary nicotine and cotinine
of samples. Therefore, this HPLC method may be usefyyere also higher in oral cancer patients without habit of
for screening of tobacco exposure in large studies. RO®bacco as compared to NHT. This may possibly be due
curves showed good discriminating efficacy between NHTo false tobacco history given by the subjects due to various
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reasons. However, number of oral cancer patients withoid WHT, patients with OPC and oral cancer patients having
habits of tobacco was also very less. All of these resultsabits of chewing or smoking as compared to NHT. The
supported that the HPLC method using U.V. detector wagssults suggested that urinary NO2+NO3 levels were
sensitive and economic way for estimation of urinaryassociated with tobacco consumption. A positive
nicotine and cotinine as biomarkers of tobacco exposureelationship between the extent of tobacco exposure and
In the present study, urinary thioether levels wereyrinary nitrate levels has been reported earlier (Malaveille
significantly higher in WHT (only tobacco smoking habit) et al., 1989). In the present study, the values of urinary
than NHT. The method for determination of totalNO2+NO3 were comparable between non-abstinence and
thioethers in urine was applied in a substantial number @fbstinence groups of oral cancer patients. The urinary
studies comparing smokers and non-smokers. Cigaretfg02+NO3 levels were also significantly elevated in
smokers excrete significantly higher levels of thioethepatients with OPC and oral cancer patients (habitués and
than non-smokers (Hecht, 2002; Scherer et al., 1996)on-habitués) than WHT. Therefore, the results indicated
Bhisey et al (1991) and Scherer et al (1996) found highehat urinary NO2+NO3 levels might be associated with
urinary thioether levels in smokers as compared to thge etiology of cancer. Wu et al (1993) also suggested
chewers. They suggested that smokers receive exposukat N-nitroso compound or nitrate-derived carcinogens
to a large amount of tar, active oxygen generated frofere implicated in the etiology of esophageal cancer in
smoke and pyrolysates produced in the burning tip, whilghina.
chewers were exposed to unburnt tobacco constituents. Present study observed positive correlation between
The differences in the nature of chemicals and mode @bbacco exposure and urinary biomarkers including
exposure may be responsible for the lack of increase xinary nicotine, cotinine, thioether and NO2+NO3.
urinary thioether excretion in chewers (Bhisey et al.Pearson’s correlation test also revealed that the values of
1991). Bhisey et al (1991) also reported that urinaryicotine were positively associated with the alterations in
thioether excretion was similar in tobacco chewers andrinary thioether. The urinary cotinine levels were
controls. Earlier reports also showed that cigarette smokgvsitively associated with urinary NO2+NO3 levels. A
leads to increased urinary thioether excretion. In theeport by Malaveille et al (1989) also showed correlations
present study, urinary thioether levels were significantlyf urinary nicotine and cotinine with urinary thioether and
elevated in oral cancer patients than NHT and WHT. It igitrate levels which also support the current observations.
reported that method for urinary thioether cannot provide |n the best of our knowledge, there are no reports on
information about the structures of electrophiles, whicksimultaneous evaluation of NO2+NO3 levels in tobacco
are detected in urine as conjugates (Hecht, 2002). Kuralayd urinary biomarkers in healthy individuals, patients
and Yildiz (2001) suggested that use of non-specifigvith OPC and oral cancer patients. This study observed
urinary thioether levels and glutathione S-transferasghat high exposure to tobacco specific nitrosamines
activity determination seems to be the reliable indicatorghrough production of NO2+NO3) is likely to be the
for the presence of laryngeal cancer in smokers. ROfajor contributing factor for the epidemic of oral cancer
curve analysis in this study revealed that urinary thioethen India. Tobacco smoking and chewing habits are also
levels have well discriminating efficacy between oralprominent risk factors for development of oral cancer. The
cancer patients and NHT as well as between patients withodified HPLC method was sensitive and economic
OPC and NHT. These results indicate that urinary thioethefethod for estimation of nicotine and cotinine as
is a highly sensitive marker for tobacco exposure in thgiomarkers of tobacco exposure. Urinary NO2+NO3 and
subjects. thioehter levels can be used as additional markers for
Nitrates in biological fluids have been determined bytobacco exposure. In a nutshell, the results revealed that
colorimetric assay, either by direct nitration, or bytobacco chewing and smoking habits were prominent risk
oxidation of organic compounds to produce a coloredactors for development of oral cancer in western part of
complex (Cortas and Wakid, 1990 ). However, theséndia (Gujarat). Therefore the present approach can helpful
methods lack specificity due to interference fromfor oral cancer screening programme, which may
biological materials. Enzymatic and lon-chromatographiqltimately decrease the toll of tobacco related cancer in
methods were more sensitive and specific but thejndia.
required expensive reagents and equipments (Cortas and
Wakid, 1990 ). The method based on reduction of nitrate
to nitrite using cadmium metal; followed by estimation
of nitrite by Griess reagent is more commonly usedReferences
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