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Abstract
Various substances in cigarette smoke including nicotine have been shown to promote/
induce cancer cell proliferation. Since cotinine has a longer half life and stability in the blood,
it has become the preferred biomarker for cigarette smoking exposure.
Seventy-three gastric cancer patients were included in this study. The tumor tissues were
stained with H & E for pathological evaluation. The cotinine levels were measured in urine
using a competitive ELISA. Tumors were 90% adenocarcinoma with 63% intestinal and
37% diffuse subtypes. Tumors were poorly (45.2%) or moderately differentiated (41.1%) and
localized mainly (77%) in the upper part of stomach. The levels of cotinine were significantly
different between smoker (283.83 ± 178.10 ng/mL) and non-smoker (39.28 ± 113.34 ng/mL)
groups (p < 0.001). However, there is no-significant correlation between tumor characteristics
and cotinine level in smoker patients.
Cotinine level correlates with smoking in gastric patients, however, correlation with the
tumor features has not been observed.
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Introduction
Gastric carcinoma is one of the common
and fatal diseases worldwide (1, 2). In Europe,
gastric cancer is ranked sixth following lung,
breast, colorectal, prostate and bladder cancers
(2, 3). Nearly 60% of gastric cancer cases
are from developing countries; however, the
disease incidence differs among races (1). The
frequency of gastric cancer remains high in Iran
and renders gastric carcinoma as one of common
* Corresponding author:
E-mail: mhghahremani@tums.ac.ir

fatal cancers with nearly 7300 new cases every
year (1). The highest prevalence is the Ardabil
province (1, 4).
About 95% of all malignant gastric tumors
are adenocarcinoma (2). One of the basic
classifications based on tumor histology is by
Lauren (5, 6), which divides gastric cancers into
intestinal or diffuse types. Many risk factors
including smoking, antioxidant deficiency and
high salt intake are involved in the pathogenesis
of stomach cancer (7, 8). Assessments of the
relation between gastric cancer and smoking
have revealed that about 18% of gastric cancer
cases are attributed to tobacco smoking (9-
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11). A Patient smoking history as an exclusive
parameter for evaluation of smoking status is
unreliable, therefore, as a reliable consideration;
biochemical analysis is required (12). In this
regard, the level of nicotine and its metabolites
in body fluids can translate the smoking status of
patient (12-14). Nicotine, the major compound
in cigarette smoke, is absorbed by the lungs
and metabolized to several different derivatives
(14-16). Although there are various methods
to measure nicotine in smokers (17, 18), its
elimination half life of is short (19). Cotinine is
the major metabolite of nicotine with a longer
half life (about 20 h) than nicotine (about 2060 min) (14, 16 and 17). Besides, cotinine has
higher urinary and serum concentrations, makes
cotinine as suitable biomarker for screening tests
of cigarette smokers (15, 16). Various methods
have been developed for measuring urine
cotinine including Enzyme-Linked Immuno
absorbent Assay (ELISA), Radioimmunoassay,
Liquid chromatography, Gas chromatography
and HPLC (20, 21). Among them, ELISA is easy
to set up, fast and does not need time-consuming
biological sample preparation (23, 24). In this
study we have measured cotinine in gastric
cancer patients and correlated it to smoking
history and tumor location.

for patients. Five milliliters of mid-stream urine
were collected in special vessels and were stored
at -20 °C until cotinine measurement.
Histochemistry
The tumor samples were parafinized for
further pathological evaluation. Several sections
with three micrometers thickness from each block
were used to perform hematoxylen-eosin staining.
According to the standard protocol, all sections
were dewaxed in the xylene, rehydrated using a
sequence of decreasing concentration of alcoholic
solutions. The slides then immersed in hematoxylene
and acid alcohol solutions, respectively. Slides were
rinsed with tap water and submerged in eosin for one
minute. After washing, the slides were dehydrated
by increasing concentration of alcoholic solutions
and were cleaned by xylene. Cover-slip mounted
on the labeled glass slide with mounting media
for microscopic observation. Two independent
pathologists observed all slides and data were
collected.
Cotinine measurement
The cotinine ELISA kit (Calbiotech, U.S.A)
is a competitive assay based on Horse Radish
Peroxidase conjugated antibody to detection the
cotinine in the body liquids. At the first, 10 µL
of standards or urine specimens and 100 µL of
enzyme conjugate were added to each well in
duplicate and incubated for 60 minutes in room
temperature (RT) at dark. Then wells washed six
times with 300 µL of distilled water, and 100 µL of
substrate was added and incubated for 30 minutes
at the dark and RT condition. Finally the reaction
was stopped by adding 100 µL of stop solution to
each well and the absorbance was measured at the
wavelength of 450 nm.

Experimental
This study was conducted in outpatient
gastrointestinal disease clinic in Ardabil city
and Masoud clinic in Tehran after obtaining
an informed consent from the patients. During
18 months period (Jan 2009-Aug 2010),
seventy-three patients who had gastrointestinal
symptoms/signs such as abdominal pain, weight
loss, dyspepsia, anorexia, nausea and vomiting
were subjected to standard upper GI endoscopy.
At least six biopsies were obtained from all
detected tumors. All biopsies were fixed in 10%
buffered formalin, sectioned and stained by the
hematoxylen-eosin technique then observed by
experienced pathologists under microscope for
cancerous tissues. A structured questionnaire
consisting of demographic characteristics, past
disease history, drug history, family disease
history, smoking habits (cigarettes/day),
radiotherapy and chemotherapy was completed

Statistical analysis
Descriptive data are presented as mean and
standard deviation (SD) or percentages. We
used linear regression model and Box-Cox
transformation to calculate cotinine concentrations
from OD (Optical Density) values obtained from
ELISA kit using the following formulate.
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Table 1. The descriptive information of gastric patients.
Total

Mean

SD

Median

Min.

Max.

Age

73

65.12

Non-Smoker

53

64.84

2.06

67

25

88

68.5

25

87

Smoker

20

63.76

3.24

62

39

88

Height

73

166.15

Non-Smoker

53

165.2

1.01

168

150

182

166.5

150

178

Smoker

20

168.71

1.77

Weight

73

67.4

170

155

182

66

40

94

Non-Smoker

53

68

Smoker

20

65.94

1.77

66.5

40

94

2.75

65

40

90

Duration of Smoking

20

34.76

12.45

38

12

56

Average # of Cig./Day
Average # of Pack/Year

20

18.93

8.22

20

4

40

20

345.47

150.08

365

73

730

Smoking Status

Mann-Whitney and Chi-Square tests were
used to evaluate correlation between cotinine
concentrations and demographic characteristics,
in smokers and non-smokers groups.

(1.4%), 33 poorly differentiated (45.2%), 30
moderately differentiated (41.1%) and 5 welldifferentiated (6.8%) tumors.
Gastric tumors are usually divided into cardia
and non-cardia tumors, based on pathogenesis.
We have used gastric sub divisions (Cardia,
Body, Fundus, Antrium and Pylor) for tumor
location. Our results indicated that in smoker
group tumors were mainly located in Cardia,
body and antrium. On the other hand, in non
smoker group tumors were located mostly in
antrium and cardia (Figure 1). Interestingly,
tumors were localized in both cardia and body
in 7 patients in smoking and 4 patients in nonsmoking groups (Figure 1).Tumors in more
than one location were found in 1/3 of patient
in smoking group compared to non-smoking
patients (Figure 1). Moreover, fundus was not
involved in non-smoking patients.

Results
Characteristics of patients
Table 1 summarizes the distribution of
seventy-three gastric cancer patients by
demographic characteristics and smoking status.
Of the seventy-three cases of gastric cancer
patients, 51 were male and 22 were female
(Mean age: 65.12 ± 13.177 Yr, Range: 25-88
Yr). Non smoker group consists of 33 male and
21 female and smoker group includes 19 male
and 1 female patients. The mean age, weight
and height in both groups had no-significant
difference and were matched (Table1).
Average cigarette per day in smokers was
18.93 ± 8.224 (Range: 4-40) and they were
smoking for 34.76 ± 12.45 years (Range: 1256). The average calculated pack/years in
patients of this study was 345.47 ± 150.08
(Range: 73-730 Pack/Year).

Cotinine level in patients
The results indicate that the cotinine level
ranging is from 0.14 to 478.54 ng/mL (Figure
2). The cotinine level in most of the non-smoker
group was lower than 50 ng/mL; there were
some cases with high levels of cotinine. Mean
Cotinine urine concentrations in smokers and
non-smokers were 39.28 ± 113.33 and 283.83
± 178.10, respectively. The statistical analysis
indicated a significant difference between
cotinine levels in two groups (p < 0.001).

Tumor description
Tumors were 90% adenocarcinoma with
intestinal type in 48 (63%), diffused type in
25 (37%) samples. Based on the pathological
evaluations, there were 1 undifferentiated
315
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Figure 1. The location of gasteric tumor in smoking and non-smoking patients.

reported that polymorphism of CYP2A6 can
affect the level of cotinine in patients as well
as the number of smoked cigarettes (24-26).
Moreover, polymorphism in UGT2B10 changes
the glucorinidation of cotinine and nicotine, thus
change the level of these compound in urine of
patients (27).
Thus, considering enzyme polymorphism
will better correlate smoking status and cotinine
level. However, the cotinine level is significantly
different from non-smoking group. Besides, we
have observed high levels of cotinine observed
in some of the non-smokers. Further analysis
showed that this high level is due to their
exposure to second hand smoke.
Evaluation of tumor pathology and cotinine
level indicated that there is not a correlation
between cotinine level and the tumor status.
However, a trend toward multiple tumors was

However, there were no significant correlation
between cotinine levels and average number of
cigarettes (Spearman r = 0.061) or duration of
smoking (Spearman r = -0.038). The effect of
age on cotinine level in smoking group was nonsignificant (P = 0.1) and no-correlation between
cotinine level and tumor type in smoker patients
was found (p = 0.89).
Discussion
Our assessment of level of urine cotinine
showed that there is a significance difference
between smokers and none smokers in cotinine
level. We could not find significant correlation
between smoking status (number and duration of
smoking) and urine cotinine concentration. The
Cotinine production can be affected by metabolic
enzyme polymorphism in patients. It has been

Figure 2. The distribution of cotinine level in smoking and non-smoking patients.
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observed in smoking group. A recent cohort
study showed that smokers with serum cotinine
level less than 55 nmol/mL have low risk of
pancreatic cancer (28).
The effects of nicotine on gastrointestinal
conditions are probably due to a number of
local and systemic actions. These actions, in
combination with other important etiologic
factors, could be responsible for disease outcome.
Thus, level of cotinine may be correlated with
the gastric tumors. However, more detailed
analyses are required to confirm the correlation.

(10) Yazdanbod A, Arshi S, Derakhshan MH, Ali-Reza
Sadjadi AR and Malekzadeh R. Gastric cardia cancer;
the most common type of upper gastrointestinal cancer
in Ardabil, Iran: an endoscopy clinic experience. Arch.
Iran Med. (2001) 2: 76-79.
(11) Sjodahl K, Lu Y, Nilsen TI, Ye W, Hveem K, Vatten
L and Lagergren J. Smoking and alcohol drinking
in relation to risk of gastric cancer: a populationbased, prospective cohort study. Int. J. Cancer (2007)
120:128-132.
(12) Ulrich E. Ziegler J K, Ulrich A, Dietz H, Bernd
R and Karsten S. Clinical correlation between the
consumption of nicotine and cotinine concentrations
in urine and serum by competitive enzyme-linked
immunosorbent assay. Pharmacol. (2004) 72: 254259.
(13) EftekharArdebili M, Nassr M, Rassulian M, Ghalebandi
MF, Daneshamuz B and Salehi M. Prevalence of
cigarette smoking in Tehran. Iran. J. Psychiatry Behav.
Sci. (2007) 1: 33-37.
(14) Dhar P. Measuring tobacco smoke exposure:
quantifying nicotine/cotinine concentration in
biological samples by colorimetry, chromatography
and immunoassay methods. J. Pharm. Biomedi. Anal.
(2004) 35: 155-168.
(15) Fotouhi A, Khabazkhoob, Hashemi H and Mohammad
K. The prevalence of cigarette smoking in residents of
Tehran. Arch. Iran. Med. (2009) 12: 358-364.
(16) Fielding JE and Phenow KJ. Health effects of
involuntary smoking. N. Engl. J. Med. (1988) 319:
1452-1460.
(17) Benowitz NL, Hukkanen J, Jacob P. Nicotine
Chemistry, Metabolism, Kinetics and Biomarkers:
Nicotine Psychopharmacology. Handb of Exp
Pharmacol. (2009) 192 (192): 29-60.
(18) Moghimi H and Momajjad A. An In-Vitro Iontophoretic
Permeation Study of Nicotine through Rat Skin. Iran.
J. Pharm. Res. (2005) 4: 213-219.
(19) Benowitz NL, Jacob P, Jones RT and Rosenberg J.
Interindividual variability in the metabolism and
cardiovascular effects of nicotine in man. J. Pharmacol.
Exp. Ther. (1982) 221: 368-372.
(20) Sunyoung P, Do-Hoon L, Jae-Gahb P, Yong Tae L
and Junho C. A sensitive enzyme immunoassay for
measuring cotinine in passive smokers. Clin. Chim.
Acta. (2010) 411: 1238-1242.
(21) Seccareccia F, Zuccaro P, Pacifici R, Meli P, Pannozzo
F, Freeman KM, Santaquilani A and Giampaoli S.
Research Group of the MATISS Project. Serum
cotinine as a marker of environmental tobacco smoke
exposure in epidemiological studies: the experience of
the matiss project. Eur. J. Epidemiol. (2003) 18: 487492.
(22) Run-Yue H and George GC. Cigarette smoking,
cyclooxygenase-2 pathway and cancer. Biochim.
Biophys. Acta. (2011) 1815: 158-169.
(23) Kuo HW, Yang JS and Chiu MC. Determination of
urinary and salivary cotinine using gas and liquid
chromatography and enzyme-linked immunosorbent

Acknowledgements
The authors would like to thank Ms. Azimi
and Ms. Mohamadnezhad for assisting in the
laboratory examination and Ms. Fuladi and
Ms. Feizi for their help in case collection. We
would like to thank Dr. A. Etemadi for reading
the manuscript and his valuable comments. This
work has been supported by Tehran University
of Medical Sciences, Deputy of Research, Grant
No. 88-03-33-9275 to M.H.G.
References
(1) Mehrabian AA, Esna-Ashari F, Zham H, Hadizadeh M,
Bohlooli M, Khayamzadeh M and Akbari ME. Gastric
cancer prevalence, according to survival data in Iran.
Iran. J. Publ. Health (2010) 39: 27-31.
(2) Catalano V, Labianca R, Beretta GD, Gatta GB and Van
Cutsem E. Gastric cancer. Crit. Rev. Oncol. Hematol.
(2009) 71: 127-164.
(3) Correa P and Chen VW. Gastric cancer. Cancer Surv.
(1994) 19-20: 55-76.
(4) Kolahdoozan S, Sadjadi A, Radmard AR and Khademi
H. Five common cancers in Iran. Arch. Iran. Med.
(2010) 13: 143-146.
(5) Lauren P. The two histological main types of gastric
carcinoma. Diffuse and so-called intestinal-type. Acta.
Pathol. Microbiol. (1965) 64: 31-49.
(6) Catalano V, Labianca R, Beretta GD, Gatta G, Braud
F and Van CutsemE. Gastric cancer. Crit. Rev. Oncol.
Hematol. (2005) 54: 209-241.
(7) Roder DM. The epidemiology of gastric cancer.
Gastric. Cancer (2002) 5: 5-11.
(8) Malekzadeh R, Derakhshan MH and Malekzadeh Z.
Gastric cancer in Iran: epidemiology and risk factors.
Arch. Iran. Med. (2009) 12: 576-583.
(9) KoizumiY, TsubonoY, NakayaNi, Kuriyama, Shibuya
D, Matsuoka H and Tsuji I. Cigarette smoking and
the risk of gastric cancer: a pooled analysis of two
prospective studies in Japan. Int. J. Cancer (2004) 112:
1049-1055.

317

Babhadiashar N et al. / IJPR (2014), 13 (1): 313-318

assay. J. Chromatogr. B (2002) 768: 297-303.
(24) Tomasz Wielkoszyn S, Krystyna T and Magdalena S.
The enzyme-linked Immunosorbent assay (ELISA)
method for nicotine metabolites determination in
biological fluids. J. Pharm. Biomed. Anal. (2009) 49:
1256-1260.
(25) Strasser AA, Benowitz NL, Pinto AG, Tang KZ,
Hecht SS, Carmella SG, Tyndale RF and Lerman CE.
Nicotine metabolite ratio predicts smoking topography
and carcinogen biomarker level. Cancer. Epidemiol.
Biomarkers Prev. (2011) 20: 234-238.
(26) Johnstone E, Benowitz N, Cargill A, Jacob R, Hinks
L, Day I, Murphy M and Walton R. Determinants of
the rate of nicotine metabolism and effects on smoking
behavior. Clin. Pharmacol. Ther. (2006) 80: 319-330.
(27) Chen G, Giambrone NE Jr, Dluzen DF, Muscat JE,
Berg A, Gallagher CJ and Lazarus P. Glucuronidation
genotypes and nicotine metabolic phenotypes:

importance of functional UGT2B10 and UGT2B17
polymorphisms.Cancer Res. (2010) 70: 7543-7552.
(28) Leenders M, Chuang SC, Dahm CC, Overvad K,
Ueland PM, Midttun O, Vollset SE, Tjønneland A,
Halkjaer J, Jenab M, Clavel-Chapelon F, BoutronRuault MC, Kaaks R, Canzian F, Boeing H, Weikert
C, Trichopoulou A, Bamia C, Naska A, Palli D, Pala V,
Mattiello A, Tumino R, Sacerdote C, Duijnhoven FJ,
Peeters PH, Gils CH, Lund E, Rodriguez L, Duell EJ,
Pérez MJ, Molina-Montes E, Castaño JM, Barricarte
A, Larrañaga N, Johansen D, Lindkvist B, Sund M, Ye
W, Khaw KT, Wareham NJ, Michaud DS, Riboli E,
Xun WW, Allen NE, Crowe FL, Bueno-de-Mesquita
HB and Vineis P. Plasma cotinine levels and pancreatic
cancer in the EPIC cohort study. Int. J. Cancer (2011)
131: 997-1002.
This article is available online at http://www.ijpr.ir

318

