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Abstract 
Background. Exposure to lead (Pb) in environmental and occupational settings continues to be a 
serious public health problem and may pose an elevated risk of genetic damage. 
 
Objectives. The aim of this study was to assess the level of oxidative stress and DNA damage in 
subjects occupationally exposed to lead. 
 
Material and methods. We studied a population of 78 male workers employed exposed to lead in a 
lead and zinc smelter and battery recycling plant and 38 men from a control group. Blood lead levels 
were detected by graphite furnace atomic absorption spectrophotometry and plasma lead levels by 
inductively coupled plasma-mass spectrometry. The following assays were performed to assess the 
DNA damage and oxidative stress: comet assay, determination of 8-hydroxy-2’-deoxyguanosine (8-
OHdG), lipid peroxidation and total antioxidant status (TAS). 
 
Results. The mean concentration of lead in the blood of the exposed group was 392 ± 103 µg/L and 
was significantly higher than in the control groups (30.3 ± 29.4 µg/L, p<0.0001). Oxidative DNA 
damages measured by comet assay showed no significant differences between populations. The 
concentration of 8-OHdG was about twice as high as in the control group. We found a significant, 
positive correlation between the level of biomarkers of lead exposure [lead in blood, lead in plasma, 
zinc protoporphyrin (ZPP)] and urine concentration of 8-OHdG. The level of oxidative damage of DNA 
was positively correlated with the level of lipid peroxidation (TBARS) and negatively with total anti-
oxidative status (TAS). 
 
Conclusions. Our study suggests that occupational exposure causes an increase in oxidative damage 
to DNA, even in subjects with relatively short length of service (average length of about 10 years). 8-
OHdG concentration in the urine proved to be a sensitive and non-invasive marker of lead induced 
genotoxic damages. 
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INTRODUCTION 
Exposure to lead (Pb) in the environmental and occupational settings continues 

to be a serious public health problem. Pb causes a number of adverse effects on the 
many systems of the body like hematopoietic, renal, hepatic, bone, nervous, 
cardiovascular and reproductive systems [1]. Exposure to Pb may pose an elevated 
risk of genetic damage. Subjects occupationally exposed to lead compounds have an 
increased risk of cancer, lung and gastric, in particular [2, 3]. 

One of the recognized mechanisms of lead toxicity is the induction of oxidative 
stress. Excessive generation of ROS (Reactive Oxygen Species) is caused by the 
inhibition of δ-ALAD (δ-aminolevulinic acid dehydratase) by lead. As a result of this, 
there is an increased accumulation of δ-ALA (aminolevulinic acid), which undergoes 
enolization and auto-oxidation and generates hydrogen peroxide and superoxide 
radical, and also interacts with oxyhemoglobin. The final oxidation product of δ-ALA: 
4,5-dioxovaleric acid is an effective alkylating agent of the guanine in DNA. The 
generation of potentially genotoxic compound is a possible mechanism for the metal-
dependent DNA carcinogenicity of lead [1, 4]. The lead-induced generation of ROS 
results in the attack of polyunsaturated fatty acid residues of phospholipids, which are 
extremely sensitive to oxidation. The main product of peroxidation process is 
malondialdehyde (MDA). MDA can react with DNA bases (G, A and C) and form 
adducts. M1G (pyrimido [1,2-a] purin-10(3H)-one), a major endogenous DNA adduct 
in humans is mutagenic and may lead to the formation of DNA-DNA crosslinks or DNA-
protein crosslinks [5]. Significantly elevated levels of lipid peroxide in the plasma, even 
among workers exposed to low concentrations of lead, has been observed [6].  

Most oxidative DNA damage is caused by very reactive hydroxyl radical, which 
is known to react with all components of the DNA molecule. The effects of oxidative 
DNA damage are GC/TA transversions, single strand breaks, double strand breaks, 
generation of apurinic/apyrimidinic sites and DNA-DNA crosslinks. This kind of 
damages can result in the arrest or induction of transcription, induction of signal 
transduction pathways, replication errors and genomic instability, all of which are 
associated with carcinogenesis and mutagenesis [5, 6].  

Comet assay is a simple, rapid and sensitive method for measuring DNA 
damage such as single-strand DNA breaks (SSB), double-strand DNA breaks (DSB), 
alkali labile sites (apurinic/apyrimidic sites), crosslinks and incomplete DNA repair sites 
[7, 8]. Modified version of comet assay with addition of formamidopyrimidine 
glycosilase (FPG) can be used for detection of DNA damage induced by reactive 
oxygen species [9, 10].  

Hydroxyl radical reacts with the all nucleobases of DNA, but most frequently 
causes damage to guanine. This leads to the formation of C8-hydroxyguanine (8-
OHGua) or deoxyguanosine (8-hydroxy-2’-deoxyguanosine, 8-OHdG), its nucleoside 
form. The formation of 8-OHdG is caused by both the weakening of the antioxidant 
system of the organism, as well as the imprecise repair of the damaged nucleic acid. 
8-OHdG is promutagenic, and thus may be used as a potential biomarker of increased 
risk of carcinogenesis [11].  

Detection of those early, adverse changes in cells caused by exposure to lead 
allows us to undertake prevention measures reducing the health risks for employees. 
For this reason, the present study was carried out to assess the level of oxidative 
stress, in markers of oxidative DNA damage (urinary 8-OHdG levels, comet assay) in 
subjects occupationally exposed to lead.  

Inhibition of ferrochelatase activity by lead prevents the incorporation of iron into 
protoporphyrin and the formation of heme. This leads to binding of zinc (Zn) and the 



production of zinc protoporphyrin (ZPP). An increase in ZPP production has been 
recognized to be an early biological effect of lead exposure and has been frequently 
used in health effects monitoring for lead exposure [1, 4, 12]. Concentration of lead in 
blood is a result of both current and long term exposure [13]. 

Another aim of our study was to analyze the correlation between the Pb 
exposure markers (lead in blood (B-Pb), ZPP) and markers of oxidative stress, DNA 
damage and level of antioxidative defence (Total Antioxidative Status, TAS). 
 
 
SUBJECTS AND METHODS 
Study population 

We studied a population of 78 male workers (age from 20 to 62 years, mean 
age 36.4 ± 8.6 years) employed in lead and zinc smelter and battery recycling plant 
exposed to lead. They were exposed to lead for 10.5 ± 8.3 years (0.8-35 years). The 
control group consisted of 38 men (age from 19 to 61 years, mean age 35.0 ± 10.4 
years) with no history of occupational exposure to lead, who were working for 11.6 ± 
9.0 years (0.5-38 years). Only environmental exposure to lead occurred in the control 
group. Based upon questionnaire data, neither the exposed nor control group suffered 
from any acute or chronic disease, nor were alcohol addicted. 

We used urine and blood samples collected in PHIME project (FOOD-CT-2006-
016253) in 2009-2010. Blood was collected by venipuncture into sterile tubes 
containing either lithium heparin or ethylenediamine-tetraacetic acid (EDTA) solution 
as an anticoagulant. Blood samples were stored at -20 °C and urine at -80 °C until 
required for analysis. The protocol for this project has been approved by Bioethics 
Committee at Institute of Occupational and Environmental Health. All subjects gave 
informed consent. 

 
Lead intoxication parameters 

B-Pb levels were detected by graphite furnace atomic absorption 
spectrophotometry using Perkin-Elmer 4100ZL instrument. The laboratory participates 
in internal and inter-laboratorial proficiency tests (CDC in Atlanta, USA). ZPP levels 
were measured in the whole blood using a haematofluorometer. The concentrations of 
B-Pb were quantified as µg/l and ZPP as µg/g Hb. 

The concentrations of lead in plasma (P-Pb) were determined in samples diluted 
5 times with an alkaline solution according to Barany et al. [14] by inductively coupled 
plasma-mass spectrometry (ICP-MS; Thermo X7, Thermo Elemental, Winsford, UK). 
The detection limit, calculated as 3 times the standard deviation (SD) of the blank, was 
0.06 μg/L. All analyzed samples were prepared in duplicate and the method 
imprecision (calculated as the coefficients of variations in measurements of duplicate 
preparations) was 2.5%. To ensure analytical accuracy, quality control samples were 
analyzed along with the collected samples. The results obtained (mean±SD) were 
0.99±0.08 µg/L (n=9) vs. recommended 1.02 µg/L (Seronorm Elements Serum, Lot 
0903106; SERO AS, Billingstad, Norway) and 9.3±0.46 µg/L (n=9) vs. recommended 
8.2±0.83 (Centre de Toxicologie du Quebec, International Comparison Program, 
Quebec, Canada; lot QMEQAS068-06). 

 
Comet assay method 

The DNA damage was analyzed in whole blood using alkaline comet assay 
according to the method by Singh et al. [15] with some modification and FPG-modified 
comet assay, as previously described [16]. Briefly, 40 µL of whole blood in 1 % low 



melting point agarose (Sigma) was placed on a microscope slide that had been pre-
coated with 0.5 % normal melting point agarose (Sigma). Coverslips were placed on 
the gels, and the slides with coverslips were put on ice. Then coverslips were removed 
and the slides were submersed in lysis solution (2.5 mol L-1 NaCl, 10 mmol L-1 EDTA, 
1 mmol L-1 Tris, 1 % Tritron X-100, pH 10) at 4°C in the dark. After 1 hour, the slides 
were washed three times with enzyme reaction buffer (4 mmol L-1 Hepes, 0.1 mol L-1 
KCl, 0.5 mmol L-1 EDTA, 0.2 mg/mL BSA) at 4 °C for 5 min each. Then slides were 
treated with 70 µL of FPG solution (New England Biolabs) or buffer alone as control. 
The enzyme was diluted right before use. The slides were placed in a humid chamber 
at 37°C for 30 min. and then washed with cold PBS solution. Afterwards, the slides 
were placed in a horizontal electrophoresis tank filled with electrophoresis buffer (30 
mmol L-1 NaOH, 1 mmol L-1 EDTA) for 40 minutes at 4°C to DNA unwinding and 
denaturation. Electrophoresis was carried out for 30 minutes at 1.2 V/cm. In order to 
reduce light-induced DNA damage, all steps were performed under red light. After 
electrophoresis, the slides were washed three times with a neutralization buffer (0.4 
mol L-1 Tris-HCl, pH 7.5), dried and stained with DAPI (4,6-diamidino-2-phenylindole) 
solution (1 µg/mL). The slides were stored in a closed humid chamber at 4 °C for 20 
hours. Slides were prepared in duplicate per person and analyzed by image analysis 
system Comet v. 5.5 (Kinetic Imaging Ltd., Liverpool, UK). 75 cells were calculated per 
one person (two slides). To quantify DNA damage, the following comet parameters 
evaluated the percentage of DNA in the tail (relative fluorescence intensity of tail; TI), 
tail length (distance from head center to the end of the tail; in m) and tail moment (TM) 
which was calculated as tail length x percentage of DNA in tail (in arbitrary units). The 
control slides (no enzyme treatment) provided as an estimate of the background of 
DNA strand breaks. The enzyme-treated slides revealed strand breaks and oxidized 
bases (total DNA damage). Differences in the tail length (ΔTL), tail intensity (ΔTI), and 
tail moment (ΔTM), between samples obtained with standard alkaline comet assay and 
FPG-modified comet assay were considered as oxidative DNA damage. 
 
DNA damage in urine 

Detection of 8-OHdG was performed using ready-to-use ELISA-based assay 
(Cat. RSCN213100R, BioVendor) according to the manufacturer’s instructions. 
Samples of urine and 8-OHdG standards were added to a 96-well plate which has 
been precoated with 8-OHdG. Then, the 8-OHdG monoclonal antibody was added and 
the plate was incubated at 37oC for 1 hour. Next, the plate was washed and incubated 
with secondary antibody labeled with horseradish peroxidase at 37oC for 1 hour. The 
plate was washed thrice and substrate solution was added and incubated for 15 min. 
at room temperature before a stop solution (1M phosphoric acid) was added. 
Spectrophotometric readings were obtained at 450 nm by using BIO-TEK PowerWave 
XS microplate reader (BIO-TEK Instruments). The concentration of 8-OHdG in urine 
was determined using a standard curve. The level of 8-OHdG was expressed as ng/g 
creatinine. 
 
Determination of lipid peroxidation 

Urine levels of lipid peroxides were determined as TBARS using Caymans 
TBARS Assay Kit (Cat. 10009055 Cayman Chemical, USA). The MDA-TBA adduct 
formed by the reaction of MDA and TBA under high temperature (90–100 °C) and 
acidic conditions were measured colorimetrically at 530-540 nm using the BIO-TEK 
PowerWave XS microplate reader (BIO-TEK Instruments). The concentration of MDA 
was determined using an MDA standard curve. Results were expressed as µmole MDA 



per liter and µmol MDA per gram of creatinine. Typically, normal human urine has a 
lipid peroxide level of 0.8-2.0 µmol/g creatinine. 
 
Total antioxidant status (TAS) 

TAS was measured in urine using the Antioxidant Assay Kit (Cat. 709001, 
Cayman Chemical) following manufacturers instruction. This assay relies on the ability 
of the antioxidants in the sample to inhibit the oxidation of 2.2- azino-di- [3-
ethylbenzthiazoline sulphonate] (ABTS) to ABTS.+ radical by metmyoglobin. The 
amount of ABTS+ was monitored by reading the absorbance at 750 nm. The 
antioxidants in the sample cause the suppression of the absorbance to a degree which 
was proportional to their concentration. The capacity of the antioxidants in the sample 
to prevent ABTS oxidation was compared with that of Trolox, a water-soluble 
tocopherol analogue and was quantified as milimolar Trolox equivalents. The plate 
reader used was BIO-TEK Power Wave XS (BIO-TEK Instruments). 
 
Statistical analysis 

The STATISTICA version 9.PL was used for data analysis. The Shapiro-Wilks 
test was used to verify normality. The significance of difference between the exposed 
and control group was determined using the Mann-Whitney U test as the data 
distribution was non-parametric. Spearman non-parametric correlation was used to 
find out the correlation between study parameters. The probability values of p < 0.05 
were considered significant. 
 
RESULTS 

Table 1 presents the characteristics of the exposed and control groups. No 
statistical differences in age and body weight were found between groups. The 
percentage of smokers was evenly distributed within both groups. 
The mean concentration of lead in blood in exposed group was 392 ± 103 µg/L and 
was significantly higher than in control groups 30.3 ± 29.4 µg/L, p<0.0001).  

The difference between study groups were also significant (p < 0.001) according 
to lead level in plasma and ZPP which were higher among occupationally exposed 
subjects (Table 2). The results of biomarkers of oxidative stress demonstrated that 
subjects exposed to lead had a lower level of antioxidant status and higher levels of 
TBARS and 8-OHdG, but only the last was significantly different compared to control 
group (p = 0.01).  

Oxidative DNA damages measured by FPG-modified comet assay showed no 
significant differences between populations.  

Correlations between the studied parameters are shown in Table 3. Lead 
intoxication parameters significantly correlated with each other. We found a positive 
correlation between biomarkers of lead exposure (B-Pb, P-Pb, ZPP) and DNA damage 
in urine. The level of lipid peroxidation (TBARS) was found to be significantly correlated 
with oxidative DNA damage measured by comet assay and as based on 8-OHdG 
levels in urine. The negative correlations were observed between tail intensity, tail 
length, tail moment and TAS. 



DISCUSSION 
A safe level of lead exposure is very hard to define, because health risks 

associated with lead are found at even low doses [13]. The permitted biological 
concentration of lead in blood in Poland, according to the regulation of Ministry of 
Health, is 500 μg/L of blood and 300 μg/L of blood for women under 45 years of age. 
In other countries, like Germany, those levels are lower, at 400 µg/L for men and 100 
µg/L for women. Researchers suggests a negative effect of Pb on kidneys, nervous, 
hematopoietic and cardiovascular systems even at lower levels [1]; therefore, 
organizations such as ACGIH (American Conference Governmental and Industrial 
Hygienists) and SCOEL Scientific Committee on Occupational Exposure Limit Values 
(SCOEL) recommend reducing the permitted concentration of Pb in blood to 300 µg/L. 

Vaglenov et al. [17] were measuring the levels of DNA damage in peripheral 
blood lymphocytes of subjects exposed to lead based on increases in frequency of 
binuclear cells with micronuclei (BNMN). They observed that, even at low lead 
concentrations B-Pb 1.2-1.9 µmol L-1 (B-Pb 248 - 393 µg/L), where no clinical changes 
are seen, an increased risk of genetic material damage in the cells occurs. The average 
concentration of lead in the blood of subjects analyzed by us was within the upper limit 
suggested by Vaglenov et al. [17] and was equal to 392 ± 103 µg/L. It was, however, 
13 times higher than that of the control group. The concentration of ZPP and 8-OHdG 
was about twice as high as in the control group. We found also a positive correlation 
between lead exposure markers (B-Pb, P-Pb and ZPP) and the level of oxidative 
damage of DNA in urine (concentration of 8-OHdG). Our results are in line with earlier 
findings [17,18] that occupational exposure even to low levels of lead as well as to 
levels not exceeding the permissible levels increases the risk of genetic damages. 

We have observed also an inverse relationship between oxidative damage 
measured as change in tail intensity, tail length, tail moment between FPG modification 
and standard comet assay, and antioxidative potential (TAS) in serum and positive 
correlation between level of lipid peroxidation (TBARS) and levels of DNA damage 
(measured based on both comet method as well as based on 8-OHdG levels in urine). 
Those results confirm the relationship between a weakened antioxidative defence and 
oxidative stress induced by various factors, including Pb, and the effects of genotoxic, 
observed also by other authors [5, 19]. 

Genotoxic effects may be modulated by many factors affecting studied subjects, 
such as cumulated exposure to lead, genetic predispositions, health, nutrition, 
smoking, drinking alcohol and other present in the environment causing damage to the 
genetic material [20].  

Polymorphic genes taking part in pollution metabolism or in DNA repair 
processes may control the degree of damage caused by exposure to genotoxic factors 
and increase the risk of cancer and other diseases [21]. Coelho et al. [21] observed 
significantly increased levels of DNA damage biomarkers in people environmentally 
and occupationally exposed to metals/metaloids. Those effects were correlated with 
internal doses of exposure and were more common in sensitive genotypes. Gene 
polymorphisms may influence the rate and efficiency of recovery and thus shape the 
individual sensitivity to Pb in the environment. 

The choice of the method of measurement used to assess the level of DNA 
damage is equally important. The comet method gives the possibility of detecting DNA 
damage at the single cell level, identifying DNA breaks and chemical and enzymatic 



modifications that can be converted into breakage of DNA or chromatids. The comet 
assay can analyze any tissue, which can provide cell suspension [7, 10]. 

The comet assay has been used in numerous studies to evaluate genotoxicity 
associated with lead exposure [16, 22-26]. Most of them reported increased levels of 
DNA damage measured by comet assay parameters in exposed workers with regard 
to controls. In our study, the comet assay did not show a significantly higher incidence 
of oxidative DNA damage in exposed workers compared to the control group. Although 
the tail length was widely used in different biomonitoring studies, it has been criticized 
due to the sensitivity to the background and threshold setting of the image analysis 
program [9, 10]. The divergences can also be explained by differences in the 
methodology, the characteristics of the populations studied and different biological 
material used for analysis. We have performed our assay in the whole blood, while in 
the above-mentioned reports the damage was studied in isolated leukocytes.  

Steinmetz-Beck et al. [27] suggest a positive linear correlation between the 
concentration of lead in the blood and the values of comet parameters. We did not 
observe this relation; however, we found a positive correlation between B-Pb and 8-
OHdG concentration in urine. In our study, the exposed group mainly consisted of 
young people with a rather short length of service and the B-Pb was lower than in the 
group measured by Steinmetz-Beck and co-authors. The average exposure time to 
lead was equal to 10.5 ± 8.3 years and the age 36.5 ± 8.6 years vs 19± 7.1 ( length) 
and 46.7 ± 8.6 (age) respectively. Also, a study by Olewińska et al. [16] observed 
associations between B-Pb and DNA damage measured by comet assay but in that 
study the mean B-Pb was higher (457 µg/L), the population was older (mean age 39.2 
years) and the duration of exposure to lead was longer (14.2 years). The other possible 
explanation is that in most of the studies the isolated leukocytes were used for comet 
assay, while we used fresh whole blood. The advantage of using fresh whole blood is 
that the amount of blood which is used is 40 µL, while for the isolation of leukocytes a 
bigger volume is required. It is possible that the comet assay reflects the damage, 
which can be repaired relatively quickly, especially in young, healthy people with 
efficient recovery mechanisms while urinary 8-OHdG reflect the change more 
intractable to repair. Studies by Kim et al. [18] also have indicated a positive 
association between Pb exposure and oxidative DNA damage (measured as urine 
concentration of 8-OHdG) in relatively young and healthy cohort of workers exposed 
to high levels of metal-containing particulate matter. 

B-Pb reflects to a greater extent the current rather than long-term exposure [13] 
and as such does not show the cumulated levels of exposure to Pb. However, Pb 
concentration in blood increases with years of exposure [19]. Occupational exposure 
to Pb is associated with decreased repair capacity of DNA [28]. The increase in comet 
parameters observed at higher Pb concentrations and by prolonged exposure can be 
associated with less efficient and more error-prone mechanisms of repair of DNA. 

Other studies also have not found significant differences in the level of DNA 
damage measured by the comet method between the group exposed and the control 
one. In García-Lestón et al. [29] study the average concentration of lead in the blood 
of subjects heavily exposed to lead (workers from chemical plants and producing 
rechargeable batteries) was 312 ± 21 µg/L, and in the control group (administrative 
staff) was about 9 times lower (35.4 ± 4.3 µg/L); however, there are no differences in 
the values of the comet parameters between these groups. There was a significant 
increase in the frequency of mutations in the T-cell receptor (TCR -MF) in subjects 



exposed to Pb compared to control group. According to these authors, the changes 
detected in the TCR mutation assay are a result of an earlier long-term exposure taking 
place from several months to 2-3 years before the measurement, and the comet assay 
reflects the more recently formed damages, which are quick to repair. Thus, the 
differences between the control group and the Pb exposed assayed by comet method 
are not always significant. 

The urinary excretion of 8-OHdG has been used as a biomarker to assess the 
extent of repair of ROS-induced DNA damage in both the clinical and occupational 
setting. 8-OHdG forms a alkali pair with cytosine and adenine and increases the rate 
of spontaneous mutations incorporated into DNA. 8-OHdG is considered to be a useful 
marker of oxidative damage of DNA, increased risk of carcinogenesis and the 
development of degenerative diseases [11, 18].  

In our study, 8-OHdG analysis in the urine was a more sensitive method of 
measuring genetic damage associated with occupational exposure to Pb compared to 
the comet method. As previously mentioned, 8-OHdG level in urine was significantly 
higher in Pb exposed subjects when compared to control subjects and additionally this 
level positively correlated with the concentration of lead in plasma and the level of lipid 
peroxidation.  

In summary, our study suggests that occupational exposure to Pb causes an 
increase in oxidative damage to DNA, which, in turn, increases the risk of 
carcinogenesis. These changes were observed in subjects with relatively short length 
of service (average length of about 10 years) and with significantly lower than the 
permissible limit of lead concentration in the blood. 8-OHdG concentration in the urine 
proved to be a sensitive and non-invasive marker of lead induced genotoxic damages. 
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Table 1. Characteristic of exposed and control groups 
 

 
 

Exposed group 
(N=78) 

Control group 
(N=38) 

p-value 

Age (years) 36.5 ± 8.6 35.0 ± 10.4 NS 

Weight (kg) 86.7 ± 13.2 85.2 ± 15.5 NS 

Years of exposure to 
lead 

10.5 ± 8.3 – 
– 

Smoking habit:    

Yes 26 (33%) 15 (39%) NS 

No 52 (67%) 23 (61%) NS 

 
Mean (SD) or n (%); NS – non significant  
 
 
 
 
Table 2. Comparison of studied groups  
 

 
 

Exposed group 
(N=78) 

Control group (N=38) p-value 

B-Pb (µg/L) 392 ± 103 30.3 ± 29.4 <0.001 

P-Pb (µg/L) 1.53 ± 0.66 0.080 ± 0.11 <0.001 

ZPP (µg/g Hb) 5.5 ± 3.9 2.05 ± 0.92 <0.001 

8-OHdG (ng/g creatinine) 41.5 ± 36.8 24.6 ± 29.1 0.01 

TAS (mmol/ g creatinine) 2.13 ± 1.75 2.57 ± 2.18 NS 

TBARS (µmol/g 
creatinine) 

6.74 ± 6.20 5.46 ± 5.65 NS 

TI (% DNA) 14.1 ± 8.8 16.2 ±12.8 NS 

TM  6.5 ± 8.4 10.2 ± 15.7 NS 

TL (µm) 28.4 ± 13.5 31.9 ±24.4 NS 

TI – FPG (% DNA) 66.1 ± 13.8 65.3 ± 13.2 NS 

TM – FPG 42.2 ± 12.9 46.7 ± 18.3 NS 

TL – FPG (µm) 59.5 ± 10.5 65.3 ± 22.0 NS 

ΔTI (% DNA) 52.0 ± 15.9 49.1 ± 18.8 NS 

ΔTM 35.7 ± 14.3 36.5 ± 16.1 NS 

ΔTL (µm) 31.1 ± 15.1 33.4 ± 15.6 NS 

 
Mean (SD); NS – non significant  
 
 
  



Table 3. Correlation between studies parameters in studied population 
 

 B-Pb P-Pb ZPP 8-OHdG TAS TBARS 

B-Pb 1.00      

P-Pb 0.90*** 1.00     

ZPP 0.64*** 0.71*** 1.00    

8-OHdG 0.19* 0.20* 0.27** 1.00   

TAS NS NS NS NS 1.00  

TBARS NS NS NS 0.43*** NS 1.00 

TI  NS NS NS NS 0.18* NS 

TM  NS NS NS NS 0.20* NS 

TL  NS NS NS NS NS NS 

TI – FPG NS NS 0.19* NS NS 0.29** 

TM – FPG NS NS NS NS NS 0.19* 

TL – FPG NS NS NS NS NS NS 

ΔTI NS NS NS NS -0.21*  0.26** 

ΔTM NS NS NS NS -0.23* 0.22* 

ΔTL NS NS NS NS -0.24** NS 

 

Spearman R values *p <0.05; **p <0.01; ***p<0.001, NS – non significant 

 


