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Summary

In man, nicotine is commonly consumed via smoking 
cigarettes, cigars or pipes. The addictive liability and phar-
macological effects of smoking are primarily mediated by the 
major tobacco alkaloid nicotine. There are elevated serum 
cadmium and lead levels in smokers resulting in glomerular 
dysfunction. There is a constant and direct attack of various 
cigarette smoke reagents on the oral epithelial cells, which 
gradually accumulate and may cause a stepwise malignant 
transformation. The association between cigarettes and lung 

cancer has been proven by large cohort studies. Tobacco use 
has been reported to be the main cause of 90% of male and 
79% of female lung cancers.

Ninety percent of deaths from lung cancer are estimat-
ed to be due to smoking. This review describes the implica-
tion of nicotine, smoking, smoke extracts and other tobacco 
constituents on oral cancers, lung cancer and cancers of the 
urinary tract.
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Introduction

The extensive use of tobacco and its associated 
severe health issues have been a great concern to man-
kind. The World Health Organization (WHO) estimates 
that approximately one-third of the global population 
aged 15 years or older are smokers and each smoker 
consumes an average of 15 cigarettes daily. Cigarette 
smoking, the most common form of tobacco use, has 
been found to account for hundreds of thousands of 
premature deaths and chronic diseases annually [1]. It is 
well established that cigarette smoking can increase the 
risk of chronic obstructive pulmonary diseases (COPD), 
cardiovascular diseases, and several forms of cancer, in 
particular cancers of the lung, oropharynx, larynx, and 
esophagus [2]. Recent epidemiological evidence sug-
gests that cigarette smoking is also deleterious to other 
parts of the gastrointestinal (GI) tract. Cigarette smoke, 
nevertheless, comprises thousands of chemicals, mak-
ing it diffi cult to delineate the contribution of an indi-

vidual compound to the toxicological and pharmaco-
logical properties of cigarette smoke as just described. 
Approximately 5 million people die from smoking-
related disorders each year, and one-tenth of all adult 
deaths are related to tobacco use. It is estimated that 
deaths attributable to tobacco use will rise to 10 million 
by 2025, and one-third of all adult deaths are expected 
to be related to cigarette smoking [3]. Fifty percent of 
smokers die from smoking-related disorders. Smoking 
is known to be the cause of some 30 diseases, mainly 
cardiovascular and cerebrovascular disorders, COPD 
and cancers. Thirty percent of all cancer deaths, 75% of 
all COPD deaths and 25% of all atherosclerotic hearth 
diseases are attributed to smoking [4]. Life expectancy 
of people who smoke at least 20 cigarettes per day for 
25 years is estimated to be 25% shorter compared with 
non-smokers.

In this article we attempted to make available the 
implications of nicotine to oral, lung and urinary tract 
carcinogenesis.
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cutaneous administration of polyaromatic hydrocar-
bons, found in cigarette smoke, may produce cancer in 
animals. Tobacco chewing and snuff taking have also 
been reported to cause oral, esophageal, laryngeal and 
pharyngeal cancers [13].

Lung, larynx, pharynx, esophagus, oral cavity, pan-
creas, urinary bladder and renal pelvic cancers are strong-
ly related to tobacco use. Tobacco is known to be the 
causative factor in the development of colorectal, sino-
nasal, adrenal, gastric, uterine, cervical and liver cancers, 
as well as of myeloid leukemia. However, it is not known 
whether there is a causative association between tobac-
co use and carcinomas such as prostate, brain, skin and 
breast carcinomas, testicular and endometrial cancers, 
soft tissue sarcomas, lymphomas and melanomas [14].

In developed countries, one-third of all cancer 
deaths (47% of male and 14% of female cancer deaths) 
are associated with cigarette smoking. Deaths from can-
cer are twice as high in smokers compared to non-smok-
ers. Moreover, if the number of the cigarettes smoked 
per day exceeds 20, death rates are 4 times higher com-
pared to non-smokers [15].

Smoking and lung cancer

Lung cancer accounts for 12.8% of all cancers 
worldwide and it is highly lethal among both males and 
females. More than 90% of patients with lung cancer die 
of it. Of cancer deaths, 17.8% are attributed to pulmo-
nary carcinoma and 5-year survival rates are less than 
10%. The number of lung cancer-related deaths was re-
ported to be 1 million in 1990 [16]. In contrast to most 
cancers the incidence and mortality of lung cancer are 
gradually increasing. Death rates from pulmonary car-
cinoma have been reported to have risen by 400% be-
tween 1950 and 1990 [17]. Tobacco use has been re-
ported to be the main cause of 90% of male and 79% of 
female lung cancers [18]. Ninety percent of lung cancer 
deaths are estimated to be due to smoking [19]. Com-
pared to non-smokers, the risk of development of lung 
cancer in lifelong smokers is 20-40 times higher [20]. 
The synergy between cigarette smoking and exposure 
to asbestos, arsenic and radon has been shown to in-
crease the risk of pulmonary carcinoma [21]. The as-
sociation between cigarette smoking and lung cancer 
has been proven by large cohort studies [22]. Twenty 
percent of smokers develop pulmonary carcinoma and 
approximately 90% of patients with lung cancer are 
smokers. Capewell et al. showed that only 2% of pa-
tients with lung cancer were non-smokers [23]. The as-
sociation between cigarette smoking and lung cancer is 
stronger for squamous cell (SCC) and small cell types 

Nicotine in cigarette smoking

Nicotine, a major component of cigarette, has 
been proposed to be responsible for many pharmaco-
logical effects of cigarette smoke. It has a bitter taste 
and is a mildly alkaline and volatile liquid alkaloid. 
Each cigarette contains 15-30 mg of nicotine. Nicotine 
is rapidly absorbed through mucous membranes, skin, 
alveoli, and the GI tract. Its half-life is 30-60 min. It is 
extensively metabolized in the liver to cotinine, and a 
considerable proportion is excreted unchanged in acidic 
urine. Venous nicotine levels in smokers range from 5 
to 15 ng/mL and arterial nicotine levels peak as high as 
80 ng/mL. Remarkably, nicotine levels in smokers are 
shown to be extremely high in saliva and gastric juice, 
reaching more than 1300 and 800 ng/ ml, respectively 
[5]. Nicotine plays a key role in smoking-related diseas-
es by exerting a dual infl uence. On the one hand, nico-
tine produces reinforcing effects, tolerance and physi-
cal dependence, and the pharmacological effects that 
smokers enjoy such as modulation of mood, appetite, 
and task performance, resulting in perpetuation of the 
smoking habit. The mechanism for the development of 
nicotine dependence is complex but it is pertinent to the 
desensitization and the longer-lasting persistent inacti-
vation of nicotinic receptors in the central nervous sys-
tem together with dopaminergic modulation of the re-
ward center [6]. On the other hand, nicotine is found to 
be actively involved in the pathogenesis of GI diseases 
including peptic ulcer formation and delayed wound 
healing [3], promotion of carcinogenesis [7], and dis-
ease progression of ulcerative colitis.

Smoking and cancer

Rottman fi rst claimed that lung cancer might stem 
from tobacco use in 1898 [8]. Decades later this hypoth-
esis was proved by Roffo, who produced skin cancer in 
mice, using cigarette tar, in 1931. The epidemiologi-
cal relation between cigarette smoke and lung cancer 
was fi rst reported by Muller in 1939 [8]. In the wake 
of Muller’s report, large case control studies from the 
United States and Great Britain also proved the scien-
tifi c basis for an association between cigarette smoking 
and lung cancer in the 1950s [9,10]. Consequently, the 
main cause of lung cancer in males was reported to be 
cigarette smoking in the Surgeon General’s Report in 
1964 [11]. Interestingly, a similar relation concerning 
females was only proved in 1980.

Over 4000 bioactive chemical compounds have 
been isolated from cigarette smoke, of which more than 
60 are carcinogens [12]. Topical, intratracheal or sub-
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the cases worldwide [30]. The incidence of oral SCC in 
cigarette smokers is 4-7 times higher than in non-smok-
ers; when alcohol is also consumed this incidence is 
even higher. Moreover, compared with non-smokers, 
the higher cigarette smoke-related risk for oral SCC is 
manifested by a reduction in the mean age of develop-
ment of the disease by 15 years. The “fi eld canceriza-
tion” concept is the currently accepted explanation for 
the carcinogenic effect of cigarette smoke on oral mu-
cosa [31]. According to this theory, there is a constant 
and direct attack of various cigarette smoke reagents on 
the oral epithelial cells, which gradually accumulate and 
may cause a stepwise malignant transformation. It has 
been suggested that free radicals, reactive oxygen spe-
cies and reactive nitrogen species in the inhaled cigarette 
smoke induce this gradually evolving process, initially 
expressed by dysplastic lesions of the mucosa, which 
then transform into in situ carcinoma lesions and even-
tually result in full-blown infi ltrating and metastasiz-
ing oral SCC. Further credence for the suggested role of 
free radicals in the pathogenesis of evolving oral SCC is 
found in a recent study [32] demonstrating that reactive 
oxygen species, such as hydroxyl radical, are formed in 
the human oral cavity during areca quid chewing, and 
that the activity might cause oxidative DNA damage to 
the surrounding tissues. In this respect the salivary anti-
carcinogenic capacity, which has only recently been rec-
ognized, may be based on its antioxidant system.

The peroxidase found in the oral cavity is the most 
important salivary antioxidant enzyme. This oral perox-
idase (OPO) is composed of two peroxidase enzymes, 
salivary peroxidase (SPO) and myeloperoxidase. SPO, 
secreted from the major salivary glands, mainly the pa-
rotid gland, contributes to 80% of OPO activity, while 
myeloperoxidase, produced by leukocytes in infl amma-
tory regions of the oral cavity, contributes to the remain-
ing 20% of OPO activity. OPO plays a dual role: a) it re-
duces the level of hydrogen peroxide (H2O2) excreted 
into the oral cavity from the salivary glands by bacteria 
and leukocytes, and b) it increases specifi c antibacterial 
activity by inhibiting the metabolism and proliferation 
of various bacteria in the oral cavity. In a very recent pa-
per, the mechanism responsible for the inactivation of 
OPO by the cigarette smoke was described [33]. In order 
to understand and elucidate the factors in the cigarette 
smoke that are responsible for the cigarette smoke-asso-
ciated inactivation of OPO, several oxidants and antioxi-
dants were applied to saliva in the presence or absence 
of cigarette smoke. No protection for cigarette smoke-
induced loss of OPO activity occurred in the presence of 
glutathione, N-acetylcystein, ascorbic acid or desferal. 
Exposure of saliva to purifi ed aldehydes present in the 
cigarette smoke had no effect on OPO activity. In addi-

and large cell carcinoma (other than adenocarcinoma). 
The risk of pulmonary carcinoma in smokers increases 
with commencing smoking at an early age, the number 
of cigarettes consumed per day and the depth of ciga-
rette smoke inhalation [23]. Geographical variations 
and gender differences in the incidence of lung cancer 
are also related to the frequency of tobacco use.

Types of cigarette smoked

The risk of cancer development may vary accord-
ing to the type of cigarette smoked. The risk decreases 
with the use of fi lter cigarettes. Engeland et al. reported 
a higher risk with handrolled cigarettes compared to 
factory-made cigarettes [24]. At the same time, Chinese 
cigarette brands were found to be less mutagenic than 
Western brands [25]. Cigar and pipe smoking increases 
the risk of lung cancer 7 times. The carcinogens found 
in cigars and pipes are reported to be the same as those in 
cigarettes [26]. However, those studies that have report-
ed a reduced risk with cigars and pipes may be related to 
the limited use and shallow inhalation. In fact, the risk of 
lung cancer in cigar and pipe smokers in Denmark and 
Holland, where cigar and pipe smoking involves deep-
er inhalation, was found to be the same as that among 
cigarette smokers. Because of their higher tar content 
and carcinogen levels, mentholated cigarettes may in-
crease the risk of lung cancer. Moreover, menthol facili-
tates carbon monoxide absorption and causes retention 
of cigarette smoke in the lung by restricting ventilation 
[27]. Light cigarettes, which were produced to enhance 
safety, do not lower the risk of cancer. During the last 
30 years, the increasing trend of consuming cigarettes 
containing low tar and nicotine levels has caused a pre-
dominance of peripherally located adenocarcinomas, in 
contrast to centrally located SCCs [27]. Because real cig-
arette smoking may differ from smoking simulated by 
machine, light cigarette users smoke a greater number of 
cigarettes per day and make deep inhalations to restore 
their previous nicotine levels. Consequently, the smoke 
and carcinogens reach more distal areas and cause pe-
ripheral lung cancers [28].

Smoking and oral cancer

Oral SCC is the most common malignancy of 
the head and neck, with a worldwide incidence of over 
300,000 new cases annually [29]. The disease is charac-
terized by a high rate of morbidity and mortality (about 
50%) [29]. The major inducer of oral SCC is exposure 
to tobacco, considered to be responsible for 50-90% of 
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been confi rmed by more than 35 case-control studies 
and 10 cohort studies [41-43]. The European Prospec-
tive Investigation Into Cancer and Nutrition (EPIC), for 
instance, found an increased risk of TBC for both cur-
rent (incidence rate ratio 3.96; 95% confi dence interval 
[CI]: 3.07-5.09) and ex-smokers (incidence rate 2.25; 
95% CI: 1.74-2.91) [41].

Conclusion

Current experimental evidence supports the no-
tion that nicotine is actively involved in the initiation 
and promotion of cancer. Nicotine and its metabolite 
cotinine possess intrinsic mutagenic activity that may 
result in DNA damage. Nicotine also promotes cancer 
growth through the modulation of cell proliferation, 
apoptosis, and angiogenesis. Nevertheless, the effect 
of nicotine on other cellular processes relevant to carci-
nogenesis, that is, metastasis and cancer immunology, 
warrants further investigation. Furthermore, although 
no epidemiologic evidence exists to date, supporting the 
notion that the use of nicotine increases cancer risk, pre-
clinical fi ndings converge to suggest that nicotine may 
pose a safety issue to current nicotine users. Therefore, 
a close monitoring and survey on these issues dealing 
with a carcinogenic potential is justifi ed.
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