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Abstract: Tobacco smoke contains many thousands of chemicals including a large number of carcinogens. The exposure of human tis-

sues and organs to these carcinogens and their metabolism in relation to smoking-related cancer has been reviewed. The assault on DNA 
and RNA as well as other cellular components by the ROS is the base for oxidation. Free radicals (ROS) are implicated in chemical car-

cinogenesis via various metabolic pathways. The participation of free radicals in tobacco smoke in the process of carcinogenesis is 
mainly due to the effect of oxidative substances on the signal transduction pathways which lead to the cell replication by transforming the 

signaling proteins. However, the exact mechanism through which free radicals function in this process is not completely understood.  
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INTRODUCTION 

The exposure of human tissues and organs to tobacco smoke 
chemicals induces smoking-related diseases, such as chronic  
obstructive pulmonary disease (COPD) [1-4] or lung cancer [5,6]. 
The major cytotoxic effects of cigarette smoke on pulmonary and 
immune cells are attributed to the gaseous phase compounds [7-10]. 
There is a direct effect these compounds exercise on the most criti-
cal line of defense of the airway epithelium [9] and indirect evoking 
immune responses, which in turn have a deleterious effect on lung 
structure [11]. 

Most of these carcinogens undergo metabolic activation in 
mammalian tissues via oxidation [12]. Oxidative stress can be gen-
erated when the cell is subjected to an increased amount of endoge-
nous and/or exogenous reactive oxygen species (ROS). Exogenous 
oxidative stress is a key mechanism by which cigarette smoke ex-
erts its pathological effects. The ROS can attack almost any cellular 
structure or molecule interacting with and modifying, through oxi-
dation, biologically important molecules, such as lipids, proteins 
and DNA. 

The reaction of free radicals with cellular membranes leads to 
the formation of lipid hydroperoxides which are degraded into a 
variety of toxic products; chain reactions of lipid peroxidation are 
important causative agents of various diseases, including cancer. 
Protein oxidation by free radicals leads to oxidative alterations of 
aminoacid side chains and drastic cleavage of peptides by oxygen. 
The presence of carbonyl compounds in proteins shows that they 
have been subjected to oxidative damage by free radicals. DNA 
damage by ROS is mainly due to oxidized DNA bases causing mis-
coding. The ROS play an important role in the increase of 8-oxo-
deoxy-guanosine, a miscoding adduct in the DNA of smokers’ 
lungs. Oxidative DNA damage contributes to ROS-induced car-
cinogenesis. The ROS may also generate a cascade causing DNA 
nicking and single strand breaks. 

Most of the volatile organic compounds of tobacco smoke 
gaseous phase exercise their toxic/carcinogenic effect via their me-
tabolites [12]. The presence of a cytochrome P450 system in Clara 
cells of the bronchial epithelium terminal bronchioles, is of broad 
toxicological significance. Many cytotoxic and/or carcinogenic 
chemicals require activation by this enzyme system. Thus, the Clara 
cells would be likely primary targets for the adverse effects of such 
chemicals and they may serve as major sites for production of 
toxic/carcinogenic metabolites that act on other cells [15]. 
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HYDROCARBONS 

Isoprene 

Isoprene (2-methyl-1,3-butadiene, or 2-methyl-buta-1,3-diene) 
is an important diolephin. The International Agency for Research 
on Cancer (IARC) has classified isoprene as a possible carcinogen 
in humans [13]. There is evidence that isoprene is also a carcinogen 
in rats [14]. Recently, Fabiani et al. supported evidence that iso-
prene is a possibly carcinogenic chemical in humans [15]. 

Isoprene is metabolized to its isomeric mono-epoxides by 
mono-oxygenase which is activated by the cytochrome P450. 
Mono-epoxides are further metabolized into the mutagenic di-
epoxides of isoprene. There is supporting evidence that isoprene di-
epoxides are highly strong bacterial mutagens [16]. The methyl 
group in the isoprene molecule is of extreme importance to biologi-
cal activities. Studies on carcinogenesis related to isoprene have 
shown mutations in the ras-gene and in the form of A  G transac-
tions [17,18]. According to Begeman et al. [19], N7-Gua-adducts as 
isoprene DNA adducts can be considered as a choice biomarker. In 
cigarette smoke nitrogen monoxide is oxidized to NO2 which reacts 
with O2 and form alkoxyl-radicals. According to Pryor [20,21], in 
the gas phase of cigarette smoke there is a mechanism of a steady-
state condition which is based on NO chemistry. According to this 
mechanism, the first step is slow oxidation of NO from which the 
more active nitrogen dioxide is produced: NO + 1/2 O2  NO2. 

Nitrogen dioxide reacts rapidly with unsaturated substances 
which exist in smoke, such as isoprene and produces carbon-
centered radicals (R ), which react with O2 to produce peroxy-
radicals: 

R  + O2  ROO
 

Peroxy-radicals are converted into alkoxy-radicals after reacting 
with NO, and produce additional nitrogen dioxide (NO2): 

ROO  + NO  RO  + NO2 

The reaction presented above shows that isoprene plays an im-
portant role in the production of toxic radicals in the gas phase of 
cigarettes smoke. This toxicity is mostly due to the continuous pro-
duction of NO2 and results in the constant production of toxic free 
radicals on a stable recyclable basis. 

Butadiene 

Butadiene, an important chemical compound, is used for pro-
ducing polymers and synthetic rubber. It is found in tobacco smoke 
and in car exhaust gases. The non-complete combustion of benzene 
in cars constitutes the major source of butadiene in the exhaust 
gases released into the air. It is a strong carcinogen when intro-
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duced in mice [22,23] and a weak carcinogen in rats [24]. This 
means that difference in sensitivity can be interpreted by the exist-
ing metabolic differences in the two experimental animals. The 
chronic exposure of mice to butadiene inhalation creates lympho-
cytic lymphomas, hemangrosarcomas in the heart, alveo-
lar/bronchial neoplasias, exfoliative neoplasms in the stomach, 
lobular-cell carcinomas in the breast. 

Butadiene, following oxidation, in the presence of cytochrom 
P450 is transversed to mono-epoxide, which is further oxidized to 
1,2-dihydroxy-3-butene, and then further to 3,4-epoxybutane-1,2-
diole. The epoxide metabolites of butadiene are responsible for its 
mitogenic and carcinogenic activities. Once butadiene is released 
into the environment, reactions occurring in the air transform this 
hydrocarbon into products that induce potentially greater adverse 
health effects than by the emitted hydrocarbon itself [25]. 

Butadiene metabolism has been studied in the microsomal sys-
tems of rats, mice and humans [26-29]. The isoenzyme of the cyto-
chrom P450 is probably responsible for the butadiene oxidation to 
butadiene monoxide. Butadiene metabolism (Fig. 1) was first stud-
ied in the subcellular liver cell constituents of Wistar mice. Its 
mono-epoxide is inactivated via association with glutathione and in 
the presence of glutathione-S-transferase. During the inactivation of 
epoxy-butene, metabolites which are detected in the urine of people 
exposed to butadiene are created [30, 31], as well as in the urine of 
mice, rats, hamsters and monkeys. Diepoxy-butane is more toxic 
and 12 times more mitogenic at the hprt sites of the splenic T-cells 
of mice as compared to mono-epoxy-butene. 

Mutagenic Activities of Butadiene 

The epoxide metabolites of butadiene are responsible for its mi-
togenic and carcinogenic activities [32,33]. Different epoxide me-
tabolites are predominant cancer-initiating agents in cancer tests 
with butadiene, diepoxide in mice, and mono-epoxides in rats [34]. 
Two alkylation products of N

7
-guanine are found in the liver DNA 

of mice and rats [34]. The in vivo mutagenic activity of butadiene is 
related to the K-ras gene activation by mutations in codon 13 
(G C transversion) found in lung and liver neoplasias as well as in 
lymphocytic lymphomas. This butadiene activity is expressed by 
tumor suppressor gene inactivation. 

The 
+
G mutation frame shift is considered as a mutagenic “hot 

spot” for butadiene and its metabolites. Substitutions were observed 
in both GC and AT couples during exposure to the epoxides EB and 
DEB. The mutational spectrum for butadiene and the epoxides 1,2-
epoxy-butene and diepoxy-butane is similar to that of ethylene ox-
ide in B6C3F1 mice. Consequently, 1,2-epoxy-butene and diepoxy-
butane react with DNA deoxy-guanosine and produce N

7
-(2-

hydroxy-3-buten-1-yl)guanine and 7-(1-hydroxy-3-buten-2-
yl)guanine [35, 36]. 

The loss of heterozygosity in chromosomes 4 and 11 has been 
found in more than 70% of mice exposed to butadiene, which de-
veloped breast and lung cancer. The alteration in chromosome 11 
signifies the reduction of homozygosity at position TrP53 in almost 
all lung cancers. The human chromosome 17 is a position where 
allele loss is often observed in a large spectrum of cancers in hu-
mans [37]. 

AROMATIC HYDROCARBONS 

Benzene 

Smoking has been incriminated as a unique and most important 
source of exposure to benzene for smokers [38,39] and is responsi-
ble for 50% of benzene exposure in the general population [38,39]. 
The gas phase of tobacco smoke contains 30.3-50.89 μg of benzene 
per cigarette. The complex metabolism of benzene proceeds via 
ring oxidation and ultimately ring cleavage. Benzene metabolism 
takes place quickly in the liver tissue where it is converted to ben-
zene oxide which is hydrated to dihydrodiole, then oxidized to 
catechol and further to the semiquinone radical, which in turn re-
duces O2 to the superoxide anion. The latter is dismutated to H2O2 
leading to DNA damage. Benzene metabolism is dose-dependent 
and follows two pathways: the ring hydroxylation pathway and the 
open ring pathway [40, 41]. Hydroxylated metabolites form glycu-
ronides or sulfuric conjugations which are excreted in the urine as 
detoxification products. The open-ring pathway leads to the forma-
tion of toxic by-products, trans-trans-myconaldehydes and myconic 
acid which are also detoxified and excreted in the urine [42]. 

Benzene oxide could also react with glutathione to form pro-
mercapturic acid, or it is hydrated to form dihydrodiole and is oxi-
dized to catechol (Fig. 2). There is a rearrangement of its molecule 
forming phenol which forms hydroquinone. 

Benzene is an established human hematotoxin with substantial 
interindividual variations in benzene-induced toxicity. Benzene 
metabolites are transferred from the liver to the bone marrow where 
they exercise their toxicity, associated with carrage molecules [43, 
44]. Hydroquinone and o-benzoquinone are associated with the 
sulfhydryl groups of tubulin, in the mitotic spindle, thus impeding 
the appropriate formation of microtubules [45]. If there is no 
physiological function of the mitotic spindle, the dissociation of 
chromosomes becomes non feasible, thus aneuploidy is created 
[46]. 

Benzene and its metabolites may block iron incorporation into 
precursors of bone marrow cells [47]. Moreover, hydroquinone 
creates benzene toxicity by inhibiting cytokine production (ILa and 
ILb) from monocytes, which then negatively affect the regulation of 
hemopoiesis [48]. In mice exposed to benzene hydroquinone or 
benzoquinone, NO production is increased by the animals’ white 
blood cells in the bone marrow as a response to inflammation mes-
sengers and growth factors [49]. 

NO has three different effects on the mitochondria of the B.M. 
cells: 1. inhibition of mitochondrial respiration, 2. stimulation in the 
production of oxidative substances and 3. causing mitochondria 
pore transition [50-52]. The inhibitions of respiration due to NO is 
caused by the reversible inhibition of cytochrome oxidase and by 
irreversible inhibition of different mitochondrial components from 
peroxynitrite and S-nitrosothiols [53, 54]. Investigation of the effect 
of benzene inhalation on the epithelial cells lining the respiratory 
tract, including bronchioles, terminal bronchioles, respiratory bron-
chioles and alveoli of male Sprague-Dawley rats has shown that 
inhalation of 300 ppm of benzene for 7 days may induce apoptotic 
changes in the parenchymal components in the lung [55]. 

The inhibition of respiration caused by NO results in cellular 
death and converting apoptosis to necrosis [47]. NO production 
represses cell proliferation and forms intermediate by-products 
which react with primary and secondary amines and forms nitrosa-

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Butadiene metabolism. 
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mines. Consequently, NO is important for the toxicity mechanism 
of benzene and its metabolites. Benzene metabolites are able to 
inhibit the function of enzymes that participate in DNA replication 
and reconstitution [56]. Both occupational exposure to the leu-
kemogen benzene and in vitro exposure to its metabolite hydroqui-
none lead to the induction of numerical and structural chromosome 
changes. It creates chromosomal abnormalities suggestive of ge-
netic damage, in both the blood cells and other tissue cells [57, 58].  

A proportion of 90% of the tumors resulting from exposure to 
benzene show a loss of the functional “locus” of the P53 allele. Loss 
of gene P53 function is associated with genome instability and un-
regulated development [59, 60]. 

Aldehydes 

Acrolein 

Acrolein is formed in vivo, either following lipid peroxidation 

or from the oxidative substances present in tobacco smoke. Ciga-

rette smoke contains 33-228 μg of acrolein per cigarette and this 

content depends on tobacco quality and smoking habits [61]. The 

acrolein levels in the air are 0.04-0.08 ppm, whilst its tobacco 

smoke concentrations are very high at about 90 ppm. During smok-

ing, high local concentrations of acrolein are created in the respira-

tory pathway. It is a potent water-soluble electrophilic aldehyde, a 

highly dangerous substance to cells which inhibits the defense 

mechanism of the respiratory system [62]. In vivo, it is formed from 
the oxidative substances present in tobacco smoke and from the 

release of oxidative substances during inflammation [63, 64]. Ac-

rolein affects some aminoacids (histidine, lysine, arginine) inducing 

covalent modifications to some proteins, advanced end-products of 

glycolysis or lipoxidation [65-68]. Certain end-products of glycoly-

sis and advanced lipoxidation constitute agonists for the macro-

phage receptor. Macrophages are the main cell population for em-

physema development [69]. Acrolein is present in tobacco smoke, 

in exhaust-gases and in the vapor of overheated cookers [70]. It 

binds quickly with nucleophylic substances such as glutathione. 

This activity of acrolein constitutes its very toxic background [71]. 

Acrolein induces the expression of glutathione-S-transferase 
[72]. Consequently, alterations due to acrolein may affect transcrip-
tion pathways like those induced by oxidative stress [73]. Distur-
bance of the pro-oxidation-antioxidation equilibrium in favour of 
pro-oxidation results in remarkable damage [74]. Acrolein inhibits 
movements of the bronchoepithelial cell cilia, in vitro. Apoptosis of 
the bronchoepithelial cells is another mechanism of lung damage 
due to cigarette smoke. Acrolein induces apoptosis through the 
mitochondrial pathway that is mediated by ROS [75]. This cyto-
toxic activity is due to a reaction between the aldehydes and oxida-
tive compounds in cigarette smoke [76]. The toxicity of aldehyde 
mixtures has revealed that histopathological alterations and cell 
proliferation of the olfactory epithelial cell-mixtures of formalde-
hyde, acetaldehyde and acrolein are the most serious and most ex-
tensive for both the respiratory and olfactory epithelia. 

Acrolein may affect the inflammation mechanisms by aggregat-
ing neutrophiles and reducing their clearance by apoptosis in vitro 
[77]. Glutathione is a major target of acrolein when involved in the 
control of apoptosis and it is a factor that relates acrolein with 
death. Acrolein has an immediate and prompt effect on cellular 
GSH, and is based on the redox regulation of NF-kB, it is expected 
to influence its activation directly or indirectly, through changes of 
its content in GSH and more directly through its joining with the 
nucleophilic cysteine present in the subunits P50 or P65 [78, 79]. 
Cysteine sulfydryl groups are the primary soft nucleophilic targets 
of acrolein [80, 81]. Antioxidative compounds activate AP-1 [82, 
83]. While AP-1 and NF-kB respond inversely to antioxidative 
compounds, the oxidants play a positive role in the activation proc-
ess of both factors [84] (Fig. 3). 

P53 activity is controlled at many levels by the cellular thiol-
redox system. Acrolein alters this control by its binding to cys-
teines, thus preventing P53 from binding to the specific target mole-
cules or by altering the total of reduced thioles. The joining of P53 
with DNA and all transcription activities depends on the presence 
of cysteines in the joining with DNA sites [85]. Moreover, in-
creased reduction of the cell thioles by N-acetyl-cysteine increases 
the expression of P53 by increasing the transcription rate of the P53 

Fig. (2). Benzene metabolites and H2O2 in DNA damage. 

 

 

 

Fig. (3). Acrolein reacts directly with various genes and transcription factors, leading to retardation in cell proliferation rates and to possible apoptosis. 
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mRNA [86]. Thus, P53 activity is controlled at many levels by the 
cellular thiol-redox system. Acrolein exposure results in metallo-
proteinase secretion from macrophages via a mechanism that in-
volves an increase in [Ca

2+
] (I), leading to xanthine oxidase activa-

tion and an increase in ROS production [87, 88]. 

The thioredoxin system is very important for the maintenance 
of cellular thiol redox balance, and is critical for cell survival. Nor-
mally, thioredoxin reductase maintains the cytosolic thioredoxon-1 
and mitochondrial thioredoxin-2 in the reduced state, and the thi-
oredoxins keep the peroxiredoxins reduced. The effects of acrolein 
on thioredoxin reductase, thioredoxin and peroxiredoxins in human 
bronchial epithelial cells have been determined. The effects of ac-
rolein on the thioredoxin system and peroxyredoxins could have 
important implications for cell survival, redox-sensitive cell signal-
ing, and tolerance to other oxidant insults [84]. Transcription levels 
of several members of the metallothionein class of cytoprotective 
metal-chelating proteins decreased strongly in response to acrolein 
[85]. The effect of acrolein on the c-myc gene is absolutely neces-
sary for proliferation and apoptosis. The c-myc gene plays a role in 
both the inhibition and activation of transcription. 

Acetaldehyde 

Acetaldehyde is carcinogenic in experimental animals. It has 
been classified in the 2B group [79]. Direct exposure to acetalde-
hyde present in the gas phase of cigarette smoke can induce paraly-
sis of the ciliary beat of the bronchoepithelial cells. Acetaldehyde 
toxicity is due to the polarity of the carbonyl groups, something 
which lends nucleophilic properties to it, when it is added to sub-
stances with amines, such as proteins and DNA, with which adducts 
are formed. In the gas phase of cigarette smoke, acetaldehyde be-
haves as a base, due to its proton relationship. Paralysis of the cilia 
beats occurs during 4 hours exposure of the bronchoepithelial cells 
to acetaldehyde present in the gaseous phase of cigarette smoke 
[89]. This cilia malfunction is related to the direct inactivation of 
the cilia ATPase and also to adduct formation with the dienine and 
tubulin amino group of the cilia [90-92]. When animals or humans 
are exposed to acetaldehyde or cigarette smoke there is clearance 
inhibition of the airways [93]. 

The result of this acetaldehyde action on the bronchoepithelial 
cell cilia is considerably increased by the action of cyanamide 
which is contained in cigarette smoke and which excludes the ac-
tion of acetaldehyde-dehydrogenase and thus brings about a more 
intense cilia stasis [94]. In addition, the acetaldehyde of cigarette 
smoke can activate protein kinase-C resulting in IL-8 release under 
inflammatory conditions during which the activated component of 

the complement C5 (C5a) is increased in the air ducts, and which is 
responsible for the increased release of IL-8. Acetaldehyde is able 
to inhibit DNA reconstitution and the strengthening of mutagenesis 
in cultured human cells [95], and it also contributes to bronchogenic 
cancer development from cigarette smoke in humans [96]. The 
main metabolic pathway is the oxidation of its aldehyde component 
to acetic acid in the presence of aldehyde-dehydrogenase (ALDH). 
The latter, is localized in the respiratory epithelium of rats. Acetal-
dehyde is genotoxic in vitro and it induces gene mutations in 
mammalian cells. There is evidence that acetaldehyde is able to 
induce cross-linking of protein with DNA (protein-DNA or DNA-
DNA). 

Nitriles 

Acrylonitrile 

Humans are exposed to acrylonitrile when it is used in the syn-
thesis of different organic substances, such as acrylic fibers and 
plastics. Tobacco smoke includes acrylonitrile in such a quantity 
that it is able to damage human health. 

Acrylonitrile acts through its metabolites. Its most interesting 
pathway of metabolism is the direct joining with glutathione and 
epoxidation to form cynoethylene oxide (CEO), two reactions cata-
lyzed by cytochrome P450. Acrylonitrile enhances lipid peroxidation 

as indicated by malondialdehyde (MDA) accumulation. Reduced 
glutathione (GSH) level was ascertained in cytotoxicity experi-
ments in rats [97]. However, antioxidants do not prevent acryloni-
trile toxicity 

Recent studies have shown that acrylonitrile is a weak carcino-
gen [98-100]. The International Agency for Research on Cancer 
(IARC) has classified acrylonitrile as a “possible carcinogen for 
humans” (group 2B) [101]. Oxidative stress is a possible mecha-

nism of tumor development due to acrylonitrile [102, 103]. Cyanide 
induces lipid peroxidation in the rat brain [104]. In a summary of 
currently available published studies on lung cancer and occupa-

tional acrylonitrile exposure, a possible contribution of smoking 
confounding the increased risk was not excluded [105]. Oxygen 
radicals which are formed in the gaseous phase of cigarette smoke 
(cs) may contribute to oxidative DNA damage and tumor develop-

ment. The quantities of acrylonitrile in cs vary from 10-20 μg per 
cigarette [106]. 

Acrylonitrile metabolism is furthered via two different path-
ways: The first pathway leads to the direct joining with glutathione 

and epoxidation to form cyanoethylene epoxide (CEO) (Fig. 4). N-
acetyl-S-(2-cyanoethyl) cysteine is the main metabolite which is 
formed by the direct reaction of acrylonitrile with glutathione [107-
109]. The second important pathway of acrylonitrile metabolism 

that leads, via epoxidation, to 2-cyanoethylene oxide, is furthered 
by Cyt P450 [110]. Acrylonitrile and ethylene oxide can be joined 
with proteins [111] and react with tissue thioles, resulting in a quick 

depletion of the induced glutathione reserves in different tissues. 
Lung epithelial cells are capable of metabolizing acrylonitrile and 
ethylene oxide [112]. 

Toxicity in Humans 

The toxicity of acrylonitrile is due to its two metabolic charac-
teristics: cyanide formation and depletion of cellular glutathione 
reservoirs [113]. Acrylonitrile is able to create gene mutations, 
chromosomal deletions, non-programmed DNA synthesis and cell 
transformation. All these side effects demand previous metabolic 
transformation of acrylonitrile. 

Furan 

Furan is a cyclic dien-ether in liquid form; it enters the human 
organism through the respiratory pathway. It is present in tobacco 
smoke and exhaust gases. Furan is metabolically activated by cyto-

Fig. (4). The metabolic pathways of acrylonitrile. CEO = Cyanoethyl oxide, 

GSH = Glutathione. 
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chrome P450 into a cytotoxic product which stimulates cell replica-
tion [114,115]. It is considered to be a carcinogen in humans. How-
ever, there are sufficient data to substantiate its carcinogenic activ-
ity in humans. In bacteria, furan can induce gene mutations [116, 
117]. In vivo studies, in the ovary cells of Chinese hamsters, furan 
induces DNA damage [101]. In in vivo experiments in mammals, 
furan induces chromosomal deletion in the bone marrow cells of 
B6C3F1 mice [118]. 

Overview 

The assault on DNA and RNA as well as other cellular compo-

nents by the ROS which are included or produced by cigarette 
smoke, is the base for cancer development from oxidation. Free 

radicals (ROS) are implicated in chemical carcinogenesis via vari-

ous metabolic pathways [119, 120]. The participation of free radi-

cals in tobacco smoke in the process of carcinogenesis is mainly 

due to the effect of oxidative substances on the signal transduction 

pathways which lead to the cell replication by transforming the 

signaling proteins. 

Oxidative stress actually induces phosphorylation and activa-
tion of the many proteins involved in signal transduction to the cell 

nucleus. Members of the MAP kinase family [121-124] kinase 

MEK and Ras [125] are included in these proteins as well as some 

growth factor receptors, such as platelet growth factor receptor 

(PDGF) [126] and the epidermal growth factor receptor (EGFR) 

[127-129]. 

Even if the mechanism through which free radicals perform 

these conversions to the proteins which transfer information are not 
completely understood, there is, however, supporting evidence that 

increased phosphorylation of the epidermal growth factor receptor 

(EGFR) by H2O2 is the result of deactivation of the tyrosine phos-

phatases [128, 130]. This denotes that H2O2 exerts an inhibitive 

activity on the cellular mechanisms which limit the information 

transfer through the growth factor. The above down-regulation of 

the activated receptors is important, because cell transformation and 

tumor development takes place because cells are unable to promote 

the endocytosis caused by the receptor binders [131, 132]. The 

oxidative stress through H2O2 in cigarette smoke quickly inhibits 

EGF receptor endocytosis [133, 134]. 

Despite the fact that free radicals are the main cause of certain 

cancers, it is highly unlikely that they are necessary in all cases, 

since alternative initial pathways exist, as well as mechanisms for 

the promotion of carcinogenesis [135]. There are, however, serious 

indications with regard to the role of free radicals in the promotion 

of the carcinogenic processes [136, 137]. 

Epilogue 

Tobacco smoke contains many thousands of chemicals includ-

ing a large number of carcinogens. Most of the carcinogens undergo 

metabolic activation in mammalian tissues via oxidation. The expo-
sure of human tissues and organs to these carcinogens and their 

metabolism is an important mechanism by which smoking-related 

cancer is initiated. 
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