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1. Abstract 

 Cigarette smoke (CS) is a potent xenobiotic. Its deleterious effects are not limited to the 

smoker alone, but affect the environment and passive smokers as well. Most of the toxic effects 

of CS arise from its several constituent free radicals. It is reported that a single puff of a cigarette 

may have as many as 1015 free radicals. The other toxic product of cigarette combustion is the 

particulate tar. Tar also contains dangerous free radicals in addition to several carcinogens. Due 

to the widespread harmful effects of CS and tar, they have been extensively studied. This report 

summarizes the radicals in CS, various techniques available to study them, and their myriad of 

effects as environmental xenobiotics.  
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2. Introduction 

             There is a large body of evidence to suggest that cigarette smoke (CS) produces free 

radicals [1]. CS can be separated into two phases, the particulate tar phase and the gas phase. The 

smoke can further be divided into mainstream smoke (that which is taken in through the 

mouthpiece of the cigarette during puffing) and sidestream smoke (that which is emitted from the 

smouldering cigarette in between puffs). Although the components of a cigarette vary from brand 

to brand, the three essential components are a tobacco rod wrapped in cigarette paper, a porous 

plugwrap and a filter (Figure 1).  

 

Figure 1: Essential parts of a typical cigarette. The filter provides some protection to the smoker, against 
harmful radicals. *  
 

It has been estimated that there are about 1015 radicals per puff [2]. The type of radicals in 

tar and smoke are different. The tar consists of moieties like quinone (Q), semiquinone radical 

(QH•) and hydroquinone (QH2), whereas the smoke consists of reactive oxygen species (ROS), 

e.g. O2
•-, HO• and reactive nitrogen species (RNS), e.g. NO• and the much more reactive NO2

• 

[1]. The RNS can react with isoprene, a conjugated diene that occurs in smoke, to form more 

reactive radicals [1].   There can be several reactions between ROS and RNS to produce 

oxidizing free radicals, which can cause significant biological damage. 

* http://www.gallahergroup.com/corporate/relationship_gallaheruk_07.asp (Acessed_02-26-05) 
 

http://www.gallahergroup.com/corporate/relationship_gallaheruk_07.asp
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3. RNS and ROS reactions in cigarette smoke 

 RNS and ROS that are the predominant constituents of cigarette smoke that react with 

each other to produce a variety of radicals. Although in case of cigarette smoke these reactions 

occur in gas phase, most of these reactions have been studied in aqueous phase using pulse 

radiolysis. Some of these reactions are summarized below [2]. 

+

HO. + NO2
- OH- + NO2

. k =1.3 x 109 L M-1s-1

2NO2
. N2O4 k = 9 x 108  L M-1s-1

NO3
.2-

eaq
-

NO3
- k = 1x 1010  L M-1s-1

 

4. Analysis of cigarette smoke 

The separation between tar and smoke is usually done by a Cambridge filter which can retain 

99.9% of the particulate matter of the smoke. 

4.1 EPR analysis of cigarette smoke 

  Free radicals produced in CS can be analyzed using electron paramagnetic resonance 

(EPR). Cigarette smoke is generated and collected as shown in Figure 2 [3]. N-tert-butyl-2-

phenyl nitrone (PBN) is usually used as the spin trapping agent or free radical scavenger.  

 

Figure 2: Detection of free radicals in CS using EPR. 1-cigarette, 2-filter, 3-hold, 4-Cambridge filter, 5-
spin trapping solution, 6-pump. The Cambridge filter (4) is used to separate the CS from tar. This smoke 
passes through the spin trap solution(5) and is analyzed by the EPR (6). EPR thus provides an elegant 
method for detection of free radicals in cigarette smoke [2]. 
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Figure 3: EPR spectrum of a radical from tar 
extracted in phosphate buffer. Different 
radicals in smoke or tar can be identified based 
on their characteristic peak in the EPR 
spectrum. This g-value corresponds to 
semiquinone radical [3]. 

Free radicals in tar can also be 

analyzed using the EPR. Figure 3 shows an 

EPR spectrum obtained from adducts of 

mainstream cigarette tar [4]. 

4.2 Detection of oxygen radicals 

 Production of ROS (O2
•-, HO•) in 

leukocytes of a smoker can be monitored 

using luminol-dependent chemiluminescence. 

The leukocytes have to be first stimulated by zymosan before chemiluminescence can be 

measured. As a control, the samples are monitored in the presence of superoxide dismutase 

(SOD), which diminishes the signal [5]. 

5. Constituents of cigarette  Table I: Constituents of a typical cigarette. Table adapted 
from Pyror et al. (1997) [4]  

 
Chemical composition** Amount / % 

Cigarette mass (g) 0.996 

Cigarette humidity (%) 11.22 

pH 6.43 

Nicotine (%) 1.36 

Total nitrogen (%) 2.86 

Proteins (%) 8.21 

Soluble sugars (%) 7.97 

Potassium (mg/g) 19.78 

Calcium (mg/g) 37.29 

Magnesium (mg/g) 7.33 

** This table does not include all compounds within a 
cigarette. Composition may vary with brand. 

 The ingredients of the 

cigarette vary from brand to brand. 

Some of the common constituents 

of a typical cigarette are listed in 

Table I [6]. Apart from the 

compounds listed in Table I, CS 

may also contains susbstituted 

guaiacols [7], cyclopentenones [8], 

phenol derivates, polycyclic 

aromatic hydrocarbons, and trace 

amounts of polychlorinated  
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hydrocarbons, which are otherwise used as pesticides [4]! The addiction causing compound in 

cigarettes, namely, nicotine, is found in greater quantities in the sidestream smoke than the 

mainstream smoke [9].  

6. Cigarette smoke as a xenobiotic 

6.1 Oxidative stress 

Figure 4: The DNA damage varies directly with 
tar concentration up to a certain point. It reaches 
a plateau at high concentration. 
 

 Formation of free radicals leads to oxidative stress in smokers. Exposure to CS in vivo 

leads to an increase in pulmonary glutathione level. This suggests that there is an adaptive 

response to the increased oxidative load brought about by smoking [1]. The concentration of 

protein mixed disulfides is found to be higher in smokers [10]. The lungs of long-term smokers 

are darker in color compared to non-smokers. This is due to deposition of particulate tar and also 

because of iron deposition in the form of ferritin and homosiderin. These iron deposits are 

probably due to long term oxidative insult to the lung tissue [1]. However, vitamin E, a major 

antioxidant in the body is shown to offer protection against oxygen radicals. Vitamin E deficient 

mice show higher mortality rate than those, which are given vitamin E supplements. Vitamin C 

is involved indirectly by helping in regeneration of vitamin E. Smokers however, have reduced 

levels of vitamin E [1]. 

6.2 DNA damage 

Reports suggest that CS can 

potentiate DNA damage, which can be 

assessed by the hydroxylation of DG 

(deoxyguanosine) to 8-oxoDG (8-

hydroxydeoxyguanosine) [11]. The 

superoxide anion radical produced by CS  

Tar concentration/ µg/mL 
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can give rise to sister chromatid exchanges and chromosomal aberrations. The DNA damage is 

directly proportional to tar concentration (Figure 4) [12]. These effects can be suppressed by 

antioxidant molecules and enzymes [13]. The schematic shown in Figure 5 illustrates ways of 

DNA damage by various radicals in cigarette tar and smoke [3]. 

  

 

Figure 5: DNA damage by cigarette tar. The quinone and seminquinone radicals formed by superoxide 
and other ROS, can cause a nick in the DNA. 
 
6.3 Coronary diseases 

Numerous reports have demonstrated the increased risk of coronary problems in smokers. 

One of the major reasons of these heart diseases is the thickening of the intimal lining of arteries 

and plaque development [14]. CS has been demonstrated to contribute in this thickening via  

iNOS [9]. Apart from coronary diseases, CS can also cause blockage of pulmonary airway, 

emphysema etc. [15]. 
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6.4 Carcinogenesis  

Cigarette smoke contains several well-known potent carcinogens. These are present in 

both mainstream and sidestream smoke [3]. Some of these carcinogens in CS are catechols, N’-

nitrosonornicotine, N-nitrosodimethylamine, N-nitrosopyrrolidine, N-nitrosopiperidine etc.[7]. 

Most of the carcinogens of CS are polycyclic aromatic hydrocarbons. Structures of some these is 

shown in Figure 6.  Cigarette smoking has been associated with increased risk of acute 

myelocytic leukemia, lung cancer, cancer of reproductive organs, throat cancer etc. [16].  

 

Figure 6*** : Polycyclic aromatic hydrocarbons found in cigarettes and the carcinogenicity associated 
with each. Some of the most potent carcinogens are present in high amounts. 
 
7. Passive smoking and environmental issues 

 A major concern associated with smoking is the effect CS has on non-smokers. People  

*** http://www.cdc.gov/tobacco/sgr/sgr_1964/1964%20SGR%20Chapter%206.pdf (Acessed_03-12-05) 
 

http://www.cdc.gov/tobacco/sgr/sgr_1964/1964 SGR Chapter 6.pdf
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who are exposed to CS due to their association with smokers but do not smoke themselves are  

called passive smokers. Since the smoke inhaled by passive smokers does not pass through a 

filter, its effects are more direct and dangerous. It has been reported that non-smokers married to 

smokers have a 20-50% higher risk of lung cancer than non-smokers married to non-smokers 

[17]. The breath of smokers and smoke emitted by the cigarette itself, contribute to high levels of 

nicotine in environmental tobacco smoke (ETS). Thus, a person maybe at a risk of getting lung 

cancer if the ETS in the area is high even if they have no direct association with a smoker [18]. 

8. Summary 

 Cigarette smoke and tar contain various long-lived and short-lived radicals. These cause 

damage to humans at molecular level (e.g. oxidative stress, DNA damage) and at physiologic 

level (e.g. coronary heart diseases and carcinogenesis). Thus, cigarette smoking is indeed 

injurious to health. However, the only possible advantage of this potentially suicidal addiction is 

the protection that CS offers from Parkinsons disease (PD). There are reports which suggest that 

both men and women smokers show less incidence of PD [19]. However, the deleterious effects 

of cigarette smoking clearly outnumber its advantages to human health. 
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