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 Aim: Smoking poses a serious threat to public health. The aim of this study was to investigate 
the relationship between the smoking and DNA damage in lymphocytes. A potential genotoxic 
effect of cigarette smoking was analyzed with the nine comet assay parameters including 
comet length (CL), comet intensity (CI), head length (HL), head intensity (HI), tail length (TL), tail 
intensity (TI), DNA tail (DNAt), tail moment (TM) and olive tail moment (OTM). For the first time 
in this study, smokers were grouped as female and male, and nine comet parameters were 
used.  

Material and Method: 120 volunteers (60 non-smokers, 60 smokers) were monitored in the 
way of DNA damage in blood lymphocytes. The levels of DNA damage was measured by BAB 
Bs Comet Assay system.  

Results: The highly significant associations were found between the non-smoker and smoker 
groups for CI, TL and OTM comet parameters(p<0.01). Smoker female group had higher CL, CI, 
HL, HI, TL, TI (p<0.01) and TM (p<0.05) with regards to DNA damages than non-smoker female 
group. In contrast, only DNAt, and OTM comet parameters were statistically differences 
between the smoker male and non-smoker male groups (p<0.05). When the smoking index (SI) 
of all the blood samples from females were compared based on all studied comet parameters, 
statistically significant association was found except for TM. On the other hand, the blood 
samples taken from male were significant in terms of CL, HL, HI, TI and OTM parameters 
(p<0.05). 

Conclusion: Consequently, it can be said that, smoking cause the DNA damages and females 
are more sensitive than males against to effect of the smoking. 

Keywords: Comet assay, DNA damage, smoking. 

Amaç: Sigara kullanımı, halk sağlığı için ciddi bir tehdit olușturmaktadır. Çalıșmamızın amacı, 
sigara içimi ile lenfosit hücrelerinde DNA hasarı arasındaki ilișkiyi araștırmaktır. Sigaranın potan-
siyel genotoksik etkisi, comet length (CL), comet intensity (CI), head length (HL), head intensity 
(HI), tail length (TL), tail intensity (TI), DNA tail (DNAt), tail moment (TM) and olive tail moment 
(OTM) gibi dokuz comet assay parametresi ile analiz edilmiștir. İlk kez bu çalıșmada sigara içen-
ler kadın ve erkek olarak gruplara ayrılmıș ve 9 comet parametresine göre değerlendirilme ya-
pılmıștır.  

Materyal ve Metod: 120 gönüllü birey (60 sigara içmeyen, 60 sigara içen) kan lenfosit hücrele-
rindeki DNA hasarları izlenmiștir. DNA hasar dereceleri BAB Bs Comet Assay sistemi ile ölçül-
müștür.  

Bulgular: Sigara içen ve içmeyen gruplar arasında CI, TL ve OTM comet parametreleri açısından 
yüksek derecede anlamlılık bulundu (p<0.01). Sigara içen kadınların içmeyenlere oranla DNA 
hasarı CL, CI, HL, HI, TL, TI (p<0.01) ve TM (p<0.05) parametrelerine göre daha fazladır. Buna 
karșın, sigara içen ve içmeyen erkek grupları arasında DNAt ve OTM parametreleri açısından 
anlamlılık gözlenmiștir (p<0.05). Sigara indeksi açısından kadınlarda tüm kan örnekleri çalıșılan 
comet parametreleri ile karșılaștırıldığında, TM dıșındaki bütün parametreler ile istatistiksel 
olarak anlamlılık bulunmuștur (p<0.05). Diğer taraftan, erkek grubundaki kan örneklerinde CL, 
HL, HI, TI ve OTM’de anlamlılık gözlenmiștir (p<0.05).  

Sonuç: Netice olarak, sigaranın DNA hasarlarına sebep olduğu ve kadınların, sigaranın zararlı 
etkilerine karșı daha duyarlı olduğu söylenilebilir. 

Anahtar Sözcükler: Comet Assay, DNA hasarı, Sigara içimi. 
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Cigarette is a complex mixture of over 
4800 chemical compounds, including 
a high concentration of oxidants, 
heavy metals, and carcinogens (1, 2). 
Smoking poses a serious threat to 
public health (3). Smoke induced-
lung tumor has become one of the 
malignancies with highest incidence 
and mortality worldwide (4). 
Extrapolating from the mortality due 
to smoking rates in 1985, and taking 
into account population growth, 
approximately 3-4 million deaths in 
developed countries from cigarette is 
anticipated in 2025 (5).  

The mechanism by which smoking 
induces damage is not known for all 
diseases. One mechanism believed to 
play a role is oxidative stress. 
Oxidative stress leads to cellular 
damage including DNA damage. The 
term oxidative stress is widely used in 
the literature, but not very well 
defined. Oxidative stress occurs 
when the amount of reactive oxygen 
species (ROS) generated in cells 
exceeds the capacity of normal 
detoxification systems (6,7). The 
importance of DNA oxidations is 
emphasized by their mutagenic 
potential, although there are multiple 
additional roles in aging and cancer, 
including, e.g., mitochondrial 
function, microsatellite instability and 
telomere shortening (8). Cigarette 
smoking has been investigated as a 
major risk factor for renal cell 
carcinoma (RCC) and squamous cell 
carcinoma of the head and neck (9). 
According to a meta-analysis 
conducted by Hunt and co-workers, 
ever smokers were increased risk of 
RCC compared with lifetime never 
smokers (10). 

The alkaline single cell gel 
electrophoresis (SCGE) technique is 
highly effective in revealing the 
association between DNA damage 
and environmental, genetic, and 
acquired factors, providing further 
data on the possible applicability of 
this assay in genotoxic human 
surveillance in addition to established 
tests (11). SCGE, also known as 

comet assay, is now a well-established 
genotoxicity test (12).  

The comet assay is based on the ability 
of negatively charged fragments of 
DNA to be drawn through an 
agarose gel in response to an electric 
field. The extent of DNA migration 
depends directly on the DNA 
damage present in the cells (13).  In 
order to measure DNA single-strand 
breaks (14), alkali-labile sites and 
DNA cross-linking in individual cells, 
this assay is used.  It is applied to 
both in vivo and in vitro studies for 
many cells (15). The assay works on 
the principle that free radicals such as 
ROS cause breaks in the DNA 
(16,17). Using this assay we could 
potentially identify individuals with 
high levels of residual damage (18). 
To better characterize the suitability 
of the comet assay for 
biomonitoring, we are performing an 
extensive investigation on blood 
samples from smokers and non-
smokers. Because tobacco smoke is a 
well-documented source of a variety 
of potentially mutagenic and 
carcinogenic compounds (19). In the 
literature, there are many studies 
investigating the relationship between 
smoking and DNA damage. But, our 
study is the first to investigate the 
relationship between the smoking 
and DNA damage separately in 
lymphocytes for smoker female and 
male groups according to nine comet 
assay parameters such as comet 
length (CL), comet intensity (CI), 
head length (HL), head intensity (HI), 
tail length (TL), tail intensity (TI), 
DNA tail (DNAt), tail moment (TM) 
and olive tail moment (OTM). 

MATERIAL AND METHODS 

Study subjects 

In the study, 60 smokers (30 females and 
30 males) and 60 non-smokers (30 
females and 30 males), mean ages 
were 33.32±8.38 years ranging 
between 21 and 59 years, were 
monitored in the way of DNA 
damage in blood lymphocytes. 
However, all study subjects were 
grouped as non-smokers (SI=0; 

n=60), light smokers (SI=1-400; 
n=50), and heavy smokers (SI=401-
800; n=10), mean ages were 
33.55±9.60, 31.40±5.73 and 
41.60±6.96 years, respectively. 
Smokers averaged 14.75 cigarettes 
per day (range 2-50 cigarettes per 
day) in our study and none of them 
did use the any cigarette holders.  
Informed consent was obtained from 
each individual who were selected 
randomly as a control group sample 
from Turkish population. A small 
questionnaire for gathering the 
demographic and ethnic information 
was also given to the individuals, and 
the individuals stating themselves as 
Turkish were included in the study. 
Each subject filled in detailed 
questionnaires regarding 
confounding factors for DNA 
damage such as smoking. The study 
samples comprise healthy volunteers 
whose histories revealed non-cancer 
or no consumption of alcohol or 
chronic disease, no diet, no 
continuous use of drugs, no UV 
and X-ray exposure, no 
occupational exposure to fuels or 
other chemicals and they were 
matched for age and gender.    

Comet assay 

A potential genotoxic effect of cigarette 
smoking was analyzed with the comet 
assay. CL, CI, HL, HI, TL, TI, 
DNAt, TM and OTM defined on 
comet assay were used. The levels of 
DNA damage was measured by BAB 
Bs Comet Assay system. 

The comet assay was conducted under 
alkaline conditions with some 
modifications, basically as described 
by Singh et al. (1988). In brief, 
conventional microscope slides were 
covered with a first layer of 0.5% 
normal agarose. Isolated and washed 
lymphocytes with washing buffer. 
Then, a 50 μl aliquot of the cell 
sample was mixed with 100 μl of 
0.5% low melting point agarose and 
added to the slides which were then 
immediately covered with coverslips. 
After  removing the cover- glass, all 
slides were immersed for 1h at  4 ◦C 
in a lysing solution (2.5M NaCl, 100 
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Figure 1. Representative comet assays of cells. 

 
 

Table 1.The results of the comet parameters in non-smoker and smoker 

groups. 

  
COMET PARAMETERS 

  

Control group 
n=60 

(Mean ± SD) 

Smoking group 
n=60 

(Mean ± SD) 

  
p 

  

Comet Length 25.53±1.26 26.60±4.59 >0.05 

Comet Intensity 53581.33±3952.60 62457.73±25631.69 <0.01*

Head Length 16.01±0.74 16.17±2.32 >0.05 

Head Intensity 83080.74±5916.58 85652.73±21829.43 >0,05 

Tail Length 4.94±0.32 5.47±1.55 <0.01*

Tail Intensity 37624.85±3779.95 38335.78±10852.39 >0.05 

DNA Tail 78.83±7.88 72.02±25.71 >0.05 

Tail Moment 3.39±0.29 3.40±0.79 >0.05 

Olive Tail Moment 603.83±513.90 387.77±367.54 <0.01*
 

mM EDTA, 10 mM Tris, NaOH to 
pH 10, 1% N-Lauryl Sarcosine, to 
which 1% Triton X-100 and 10% 
DMSO were freshly added) in the 
dark. The slides were placed in an 
electrophoresis tank containing 
freshly prepared alkaline buffer (300 
mM  NaOH, 1 mM EDTA, pH > 
13) ), and the electrophoresis was 
conducted at room temperature 
during 20 min at 300 mA and 25 V. 
After the stage of electrophoresis, the 
slides were taken from the tank and 
washed for three times during 5 min  
with  neutralizing buffer (0.4 M Tris, 
pH 7.5). Afterwards, each was 
washed with ethanol for the same ti-
me and the period as in the buffer in 

order to do fixation. Finally, DNAs 
were stained with ethidium bromide 
(60 μl of a 20 μl/ml).  Two slides 
were prepared for each sample, and 
randomly chosen 50 cells were 
measured by Comet Assay BAB Bs 
automatic image analysis system 
fitted with an Olympus BX50 
fluorescence microscope (Figure 1). 
All results were evaluated in terms of 
nine image-analysis parameters. 

This work was financially supported by 
T. R. Prime Ministry State Planning 
Organization and Research Fund of 
Ankara University (Grant number: 
09B5150001).  The study design was 
approved by the institutional ethics 

committee (Approval number: 147-
4532; 23.02.2009).  

Statistical analyses 

The Statistical Package for Social 
Sciences (SPSS) version 16.0 software 
was used for the statistical analyses. 
While the mean differences between 
two groups were compared by using 
the Student t-test, the Mann Whitney 
U test was applied for the 
comparison of median values. The 
Kruskal-Wallis analysis of variance 
was utilized for the comparison of 
more than two groups in terms of 
metric variables. Apart from all 
significant tests, Pearson correlation 
was computed for age and for all 
comet parameters. Smoking Index 
(SI) was calculated as cigarettes 
smoked per day x years of smoking. 
P values less than 0.05 were 
considered to be statistically 
significant. 

RESULTS 

In this study, 60 smokers and 60 control 
subjects were determined using a ni-
ne comet assay parameters in terms 
of DNA damage and the results were 
statistically analyzed according to 
smoking, age, gender and SI groups. 
Hereunder, comet assay effects of 
non-smokers and smokers samples of 
blood lymphocytes are given in Table 
1. The highly significant associations 
were found between the non-smoker 
and smoker groups for CI, TL and 
OTM comet assay parameters 
(p<0.01), however there is not any 
statistical significance for the other 
comet assay parameters. 
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Table 2. The comet assay parameters for females and males in non-smokers and smoker groups. 

Female Male 
Control group Smoking group  Control group Smoking group  

(Mean±SD) (Mean±SD) p (Mean±SD) (Mean±SD) p 
 

(n =30) (n=30)  (n =30) (n=30)  

Comet Length 25.48±1.31 27.66±4.15 <0.01* 25.58±1.22 25.54±4.83 >0.05 

Comet Intensity 53518.84±4453.24 65944.78±24412.60 <0.01* 53643.82±3456.20 58970.68±26748.63 >0.05 

Head Length 15.90±0.70 16.97±2.07 <0.01* 16.11±0.77 15.36±2.31 >0.05 

Head Intensity 81501.92±6123.98 93780.03±21551.04 <0.01* 84659.56±5344.03 77525.44±19192.99 >0.05 

Tail Length 4.97±0.34 5.60±1.40 <0.01* 4.91±0.29 5.33±1.70 >0.05 

Tail Intensity 36483.84±3376.3 41573.08±9035.40 <0.01* 38765.86±3869.83 35098.48±11674.27 >0.05 

DNA Tail 76.59±6.93 75.31±27.10 >0.05 81.08±8.24 68.74±24.24 <0.05*

Tail Moment 3.31±0.26 3.59±0.70 <0.05* 3.47±0.30 3.21±0.84 >0.05 

Olive Tail Moment 499.46±441.17 348.79±294.10 >0.05 708.21±565.80 426.76±430.33 <0.05*

 
Table 3.Pearson’s correlation coefficient for all comet assay parameters. 

Comet 
parameters 

Comet 
Length 

Comet 
Length 

Comet 
Intensity 

p<0.01* 
Comet 

Intensity 

Head 
Length 

p<0.01* p<0.01* 
Head 

Length 

Head 
Intensity 

p<0.01* p<0.01* p<0.01* 
Head 

Intensity

Tail Length 
p<0.01* p<0.01* p<0.01* p<0.01* 

Tail 
Length 

Tail 
Intensity 

p<0.01* p<0.01* p<0.01* p<0.01* p<0.01* 
Tail 

Intensity

DNA  
Tail 

p<0.01* p<0.01* p>0.05 p>0.05 p<0.01* p<0.01* DNA Tail 

Tail Mo-
ment 

p<0.01* p>0.05 p<0.01* p<0.01* p>0.05 p<0.01* p<0.01* 
Tail 

Moment 

Olive Tail 
Moment 

p<0.01* p<0.01* p>0.05 p>0.05 p<0.01* p>0.05 p<0.01* p<0.01* 
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Table 4.The results of the comet parameters and age in non-smoker and smoking index groups. 

SAMPLES Age Comet 
Length 

Comet 
Intensity 

Head 
Length

Head 
Intensity 

Tail 
Length

Tail 
Intensity 

DNA   
Tail 

Tail 
Moment

OliveTail 
Moment 

Mean 33.55 25.53 53581.33 16.01 83080.74 4.94 37624.85 78.83 3.39 603.83 

S.D. 9.60 1.26 3952.60 0.74 5916.58 0.32 3779.95 7.88 0.29 513.90 

Min. 21.00 23.64 45291.05 14.82 72402.93 4.43 27538.29 57.33 2.52 107.59 

N
on

-s
m

ok
er

s 

(n
=6

0)
 

Max. 59.00 30.40 64659.64 19.36 102773.17 6.12 49214.68 100.11 4.26 2591.35 

Mean 31.40 26.54 62514.16 16.11 85170.78 5.47 38691.85 72.99 3.43 412.14 

S.D. 5.73 4.69 26508.64 2.37 22047.31 1.63 11150.09 26.28 0.81 385.32 

Min. 22.00 14.05 33379.08 9.27 39234.02 2.50 15399.27 29.49 1.88 12.01 

Li
gh

t S
m

ok
er

 
1-

40
0 

 (n
=5

0)
 

Max. 46.00 37.75 148115.68 21.06 129994.58 10.58 68609.70 137.41 5.10 1665.09 

Mean 41.60 26.91 62175.58 16.42 88062.48 5.45 36555.40 67.18 3.26 265.92 

S.D. 6.96 4.28 21930.12 2.17 21672.09 1.17 9537.98 23.30 0.70 239.59 

Min. 27.00 20.40 32859.13 12.93 55870.73 3.87 22810.29 36.50 2.05 11.70 

Sm
ok

in
g 

In
de

x 
(S

I) 

H
ea

vy
 S

m
ok

er
 

40
1-

80
0 

 (n
=1

0)
 

Max. 51.00 33.37 99646.48 19.52 120799.07 7.43 51915.20 103.09 4.43 640.10 

Mean 33.33 26.06 58019.53 16.09 84366.74 5.20 37980.31 75.43 3.40 495.80 

S.D. 8.38 3.39 18797.35 1.72 15977.59 1.15 8099.62 19.24 0.59 457.91 

Min. 21.00 14.05 32859.13 9.27 39234.02 2.50 15399.27 29.49 1.88 11.70 

Max. 59.00 37.75 148115.68 21.06 129994.58 10.58 68609.70 137.41 5.10 2591.35 

To
ta

l 

(n
=1

20
) 

p <0.01* >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 >0.05 <0.05* 

SI= (cigarettes smoked per day) x (years of smoking) 

When the nine comet assay parameters 
were evaluated among the females 
and males in the non-smoker and 
smoker groups, smoker female group 
had higher CL, CI, HL, HI, TL, TI 
(p<0.01) and TM (p<0.05) with 
regards to DNA damages than non-
smoker female group. In contrast, 
only DNAt and OTM comet 
parameters were statistically 
differences between the smoker male 
and non-smoker male groups (p< 
0.05) (Table 2). Not surprisingly, the 
nine comet assay parameters were 
evaluated for females and males in 
the smoker groups and, the 
significant associations were found 

between this gender groups for CL, 
CI, HL, HI, TI and OTM comet 
parameters (p<0.05). 

When the correlation coefficients were 
calculated with each other all the 
comet parameters, the statistically 
significant correlation was found in 
twenty-nine of thirty six correlations. 
Only seven correlations (CI and TM; 
HL and DT; HL and OTM; HI and 
DT; HI and OTM; TL and TM; TI 
and OTM) were not statistically 
significant. The correlation 
coefficients for all comet assay 
parameters were presented in Table 
3. 

All study subjects were grouped 
according to their smoking habit and 
smoking levels as non-smokers, light 
smokers (1-400) and heavy smokers 
(401-800). Smoking index (SI) of all 
the blood samples were compared 
based on all studied comet 
parameters and it was found 
statistically significant association 
between the SI and only OTM comet 
parameters (p<0.05), in addition to 
SI and age (p<0.01) (Table 4). 
However, it was found statistically 
significant association between the SI 
and all studied comet parameters 
(p<0.05) except for TM in females. 
On the other hand, the blood 
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samples taken from male were 
significant for CL, HL, HI, TI and 
OTM comet parameters (p<0.05).  

In this study, also the correlation analysis 
between the age and all studied 
comet parameters were statistically 
evaluated. However, no significant 
correlation coefficients were detected 
(p>0.05). 

DISCUSSION  

Cigarette smoke is known to contain 
many carcinogens, with polycyclic 
aromatic hydrocarbons (PAHs), 
aromatic amines, N-nitrosamines and 
aldehydes representing the major 
classes of harmful substances (20,21) 
and thus DNA damage induced by 
smoking is caused by free radicals 
generated (22,23). It is important to 
know that the basal level of DNA 
damage, at least in lymphocyte, is also 
influenced by endogenous (aging, 
cancer, chronic disease, ROS) and 
exogenous (occupational exposure, 
smoking-drinking habits, UV and 
X-ray exposure etc). These 
parameters need to be considered in 
each biomonitoring study. Therefore, 
in this study, we used the comet assay 
to measure DNA damage and 
analyzed the association between the 
level of DNA damage in terms of ni-
ne comet parameters and smoking. 

The comet assay has found wide 
acceptance in monitoring human 
genotoxicity caused by lifestyle and 
occupational and environmental 
factors (24). Comet assay is based on 
the assumption that DNA migrating 
from the nucleus within the gel after 
electrophoresis is the result of 
genotoxic damage that is converted 
to DNA single- or double-strand 
breaks. Many studies have found that 
cigarette smoking increased DNA 
migration (25, 26) and our results are 

consistent with the findings. 
According to a previous study, some 
human biomonitoring studies with 
the alkaline comet assay have found a 
significant relationship between 
DNA damage and smoking habits 
(15). However, some studies did not 
show differences in the DNA 
damage between smokers and non-
smokers. These studies, ex-smokers 
had been referenced as non-smokers 
or number of subjects had been 
narrowed relatively (21, 27).  
Giovannelli and co-workers did not 
find an effect of smoking on DNA 
oxidation, possibly because of the 
small number of current smokers in 
their sample (16.9%) (28).   

Previous studies have offered that DNA 
migration increase with aging (29). 
Singh and co-workers observed that 
although the DNA damage was 
significantly different with age, the 
mean levels of DNA damage 
increased only slightly (30). The study 
sample generally consisted of young and 
middle age individuals. Therefore, the 
damages that may occur with age (the age 
effect of DNA damage) and, on the effect of 
smoking on DNA damage will affect the 
outcome. Thus, our study did not include the 
elderly group. Probably, therefore it was 
not found statistically significant 
association differences between the 
coment parameters and ages in our 
study (p>0.05).  

Increases in DNA strand breakages were 
determined using the comet assay in 
lymphocytes of smoking by 
comparison with controls, which 
might indicate that these cells are 
handling more oxidative damage.  

The nine comet assay parameters were 
evaluated among the females and 
males in the non-smoker and smoker 
groups, and seven of nine comet 
parameters were found statistically 
significant between smokers and 

non-smokers females, only two of 
them parameters were statistically 
significant in male smokers and non-
smokers. However, we determined 
that more DNA damages in female 
smokers than male smokers for 
comparison with the six parameters 
of comet. According to these 
results of the present study, it may be 
considered that females are more 
sensitive against the DNA damage by 
causing the smoking. Estrogens are 
converted to catecholestrogens and these 
produce ROS, which cause many types of 
DNA damage. 4-Hydroxyequileinin, a 
metabolite of equine estrogens has been 
revealed to induce genotoxic and carcinogenic 
effects (31). Several studies revealed that 
formation of estrogen induced endogenous 
DNA adducts in animals and humans 
(32, 33). To our knowledge, this is 
the first result in the literature and 
the first report on the effect of 
cigarette smoking in female and male 
groups separately according to nine 
comet assay parameters. 

Consequently, our study results may 
provide a framework for future 
studies regarding the comet assay for 
the evaluation of DNA damages in 
cancer and other chronic diseases. 

Conflict of interests  

The authors declare that they have no 
conflict of interest. The authors alone 
are responsible for the content and 
writing of the paper. 

Acknowledgments 

This study is supported by The Scientific 
and Technical Research Council of 
Turkey (TUBITAK; Project No: 
109S248, 2010). We wish to thank all 
the females and males who 
volunteered to participate. 

  

 

 



Ankara Üniversitesi Tıp Fakültesi Mecmuası 2012, 65 (1) 

 

Esma Söylemez, Zeliha Kayaaltı, Vugar Aliyev, Tülin Söylemezoğlu 45

REFERENCES 

1. Church DF, Pryor WA.. Free radical 
chemistry of cigarette smoke and it is 
toxicological implications. Environ 
Health Perspect 1985;64:111–26. 

2. Li W, Zhou J, Chen L, et al. Lysyloxidase, a 
critical intra- and extra-cellular target in 
the lung for cigarette smoke 
pathogenesis. Int J Environ Res Public 
Health 2011;8:161-84 

3. International Early Lung Tumor Action 
Program Investigators (IELCAPI). 
Women's susceptibility to tobacco 
carcinogens and survival after diagnosis 
of lung  tumor.  JAMA 2006; 
96:180-184. 

4. American Tumor Society (ACS). Cancer 
facts and figures. American Tumor 
Society Atlanta. http://www.cancer.org/ 
Research/CancerFactsFigures/index 
2010 

5. Peto R, Lopez AD, Boreham J, et al. 
Mortality from tobacco in developed 
countries: indirect estimation from 
national vital statistics. Lancet 
1992;339:1268-1278. 

6. Halliwell B, Gutteridge JM. Free radicals 
and antioxidant protection: mechanisms 
and significance in toxicology and disease. 
Hum Toxicol 1988;7:7-13.  

7. Mozaffarieh M, Konieczka K, Hauenstein 
D, et al. Half a pack of cigarettes a day 
more than doubles DNA breaks in 
circulating leukocytes. Tobacco Induced 
Diseases 2010;8:14. 

8. Evans MD, Dizdaroglu M, Cooke MS. 
2004. Oxidative DNA damage and 
disease: induction, repair and significance. 
Mutat Res 567:1–61. 

9.  Xiong P, Hu Z, Li C, et al. In vitro 
benzo[a]pyrenediol epoxide-induced 
DNA damage and chromosomal 
aberrations in primary lymphocytes, 
smoking, and risk of squamous cell 
carcinoma of the head and neck. Int J 
Cancer 2007;121:2735-2740.  

10. Hunt JD, Van der Hel OL, McMillan GP,  
et al. Renal cell carcinoma in relation to 
cigarette smoking: meta-analysis of 24 
studies. Int J Cancer 2005;114:101-108.  

11. . Poli P, Buschini A, Spaggiari A, et al. 
DNA damage by tobacco smoke and 
some antiblastic drugs evaluated using the 
comet assay. Toxicol Lett 1999;108:267-
276. 

12. Collins A, Cadet J, Epe B, et al. Problems 
in the measurement of 8-oxoguanine in 
human DNA. Report of a workshop, 
DNA oxidation, held in Aberdeen 
Carcinogenesis 1997;18:1833-1836.  

13. Tice RR, Agurell E, Anderson D, et al. 
Single cell gel/comet assay: guidelines for 
in vitro and in vivo genetic toxicology 
testing. Environ Mol Mutagen 2000;35: 
206–221. 

14. Hoffmann H, Hogel J, Speit, G. The 
effect of smoking on DNA effects in the 
comet assay: a meta-analysis. Mutagenesis 
2005;20:455-466. 

15. Faust F, KassieF, Knasmuller S, et al. The 
use of the alkaline comet assay with 
lymphocytes in human biomonitoring 
studies. Mutat Res 2004;566:209–229.  

16. Singh NP, McCoy MT, Tice RR, et al. A 
simple technique for quantitation of low 
levels of DNA damage in individual cells. 
Exp Cell Res 1988;175:184–191. 

17. Hartmann A, Agurell E, Beevers C, et al. 
Recommendations for conducting the in 
vivo alkaline Comet assay. Mutagenesis 
2003;18:45–51.  

18. El-Zein RA, Monroy CM, Cortes A, et al. 
Rapid method for determination of DNA 
repairs capacity in human peripheral 
blood lymphocytes amongst smokers. 
BMC Cancer  2010;10:439.  

19. Speit G, Witton-Davies T, Heepchantree 
W, et al. Investigations on the effect of 
cigarette smoking in the comet assay. Mu-
tat Res 2003;542:33-42. 

20. Hecht SS. Tobacco smoke carcinogens 
and lung cancer. J. Natl Cancer Inst 
1999;91:1194–1210. 

21. Stabbert R, Voncken P, Rustemeier K, et 
al. Toxicological evaluation of an 
electrically heated cigarette. Part 2: 
chemical composition of mainstream 
smoke. J Appl Toxicol 2003;23:329–339.  

22. Ferger B, Spratt C, Earl CD, et al. Effects 
of nicotine on hydroxyl free radical 

formation in vitro and on MPTP-induced 
neurotoxicity in vivo. Naunyn-
Schmiedeberg’s Arch Pharmacol 
1998;358:351-9.  

23. Wetscher GL, Bagchi M, Bagchi D, et al. 
Free radical production in nicotine 
treated pancreatic tissue. Free Radic Biol 
Med 1995;18:877–882.  

24. Pandey  AK, Bajpayee M, Parmar D, et al. 
DNA damage in lymphocytes of rural 
Indian women exposed to biomass fuel 
smoke as assessed by the Comet assay. 
Environ Mol Mutagen 2005;45:435-441. 

25. Collins AR, Ma AG, Duthie SJ. The 
kinetics of repair of oxidative DNA 
damage (strand breaks and oxidized 
pyrimidines) in human cells. Mutat Res 
1995;336:69–77.  

26. Hininger I, Chollat-Namy A, Sauvaigo S, 
et al. Assessment of DNA damage by 
comet assay on frozen total blood: 
method and evaluation in smokers and 
non-smokers. Mutat Res 2004;558: 75-80. 

27. DeMarini DM. Genotoxicity of tobacco 
smoke and tobacco smoke condensate: a 
review. Mutat Res 2004;567: 447–474 

28. Giovannelli L, Saieva C, Masala G, et al. 
Nutritional and lifestyle determinants of 
DNA oxidative damage: a study in a 
Mediterranean population. Carcino-
genesis 2002;23:1483–1489. 

29. Singh NP, Danner DB, Tice RR, et al. 
DNA damage and repair with age in 
individual human lymphocytes. Mutat 
Res 1990;237:123–130.  

30. Singh NP, Danner DB, Tice RR, et al. 
Basal DNA damage in individual human 
lymphocytes with age. Mutat Res 
1991;256:1–6.  

31. Liu X, Yao J, Pisha E, et al. Oxidative 
DNA damage induced by equine estrogen 
metabolites: role of estrogen receptor 
alpha. Chem Res Toxicol 2002;15:512–9. 

32. Ozcagli E, Sardas S, Biri A. Assessment of 
DNA damage in postmenopausal women 
under hormone replacement therapy. 
Maturitas 2005;51:280-5. 

33. Hundal BS, Dhillon VS, Sidhu IS. 
Genotoxic potential of estrogens. Mut 
Res 1997;389:173–81. 

 
 

 



Ankara Üniversitesi Tıp Fakültesi Mecmuası 2012, 65 (1) 

Effect of cigarette smoking on DNA damage according to nine comet assay parameters in female and male groups 46 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


