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Abstract
Objectives: To find out the extent to which the genetic material of Baghdad traffic policemen is affected by the oxidative damage caused 
by pollutants by monitoring the levels of 8-OHdG compared to the levels of antioxidant enzymes and malondialdehyde.
Methods: This study includes 140 participants; they have been divided into two groups (traffic police and office police). Polycyclic aromatic 
hydrocarbons were analyzed for each participant by GC/FID while 8-OHdG and antioxidant enzymes were measured by the ELISA technique.
Results: The levels of polycyclic aromatic hydrocarbons, 8-Oxo-dG, and malondialdehyde were elevated in the blood of the traffic police 
compared to the office police, while higher levels of antioxidant enzymes (Catalase and glutathione peroxidase) were observed in the 
blood of the office police. 
Conclusion: Exposure to polycyclic aromatic hydrocarbons can cause oxidative stress through their metabolic derivatives and the resulting 
active molecules, which lead to the formation of 8-Oxo-dG and the reduction of enzymatic antioxidants, which may lead to the emergence 
of cancers.
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Introduction
The impact of air pollution on human health and the wide-
ranging effects it has on biodiversity have propelled this 
problem to the top of the political agenda globally.1 In 2005, 
the World Health Organization released air quality standards 
for outdoor air pollution. These guidelines include allowed 
values for fine particulate matter (particulate matter with an 
aerodynamic diameter of less than 2.5 m) on an annual and 
daily basis, sulfur dioxide, ozone, nitrogen dioxide, and coarse 
particulate matter (PM2.5) (particulate matter 10 m in aero-
dynamic diameter).2

At the inaugural summit on air pollution and health in 
2018, WHO established a target of preventing 7 million deaths 
worldwide from air pollution by 2030.3 Air pollution is related 
to cardiovascular diseases,4 chronic obstructive pulmonary,5 
and several types of tumors, such as lung, breast, oral, liver, 
kidney, prostate, bladder and ovarian,6,7 it is thought to be 
responsible for 4.2 million premature deaths worldwide.8

During the activation of polycyclic aromatic hydrocar-
bons (PAH) by cytochrome P450 (CYP450), a large quantity of 
reactive oxygen species and numerous electrophiles are pro-
duced, which relate covalently to DNA and disrupt cell 
homeostasis.9 Polycyclic aromatic hydrocarbons appear to 
be key risk factors found in automotive exhausts that cause 
oxidative stress, since exposure to PAHs is linked to an 
increase in the formation of free radicals.10 On the other 
hand, oxidative stress might be one of the reasons driving 
many of the negative health impacts associated with air pol-
lution, Figure 1.11 8-oxo-7,8-dihydro-2ʹ-deoxyguanosine 
(8-oxodG) is the most common oxidative stress-induced 
pest that may induce mutations in DNA replication. Also, 
they are thus important biomarkers of oxidative DNA 

damage, although they are consistently repaired by base 
excision repair (BER).13 It is regarded as a active premuta-
genic lesion due to its capacity to pair with both cytosine and 
adenine residues and result in G:C to T:A transversions 
during DNA replication.14 The C8 of the imidazole ring in 
deoxyguanine (dG) can be attacked by the hydroxyl radical 
(•OH), hydroperoxide radical (•OOH), singlet oxygen (1O2), 
superoxide (O2•-), reactive nitrogen species (NO2), and per-
oxynitrite anion (ONOO.¯) This results in the formation of 
8-oxo-dG.15 But in fact, the interaction of DNA with •OH in 
Figure 2 is the main source of 8-oxo-dG.16

The 8-oxodG has been utilized as a risk factor for several 
illnesses in addition to being used as a biomarker to assess 
endogenous oxidative DNA damage.17

It can be utilized as an index in various cancer,18 neurode-
generative diseases,19 diabetes,20 cardiomyopathy21 and cardio-
vascular or infectious diseases.22 As a result, 8-OHdG is helpful 
for high-risk people’ early identification and assessment.23

Materials and Methods
One hundred and forty 140 Iraqi policemen affiliated with the 
traffic police in the city of Baghdad within the Iraqi Ministry 
of Interior. Their ages range between (25-65 years), during the 
period from July 15, 2019 to March 25, 2020. These subjects 
were divided into two groups as the following:
Group 1: 70 policemen of those who were performing their 
duty in the crowded squares and intersections in Baghdad 
(Traffic police).
Group 2: 70 policemen of those who were serving inside the 
buildings of the various traffic directorates (Office police).

Each participant had about 6 ml of blood pulled from a 
vein, which was then left at room temperature for 15 to 20 
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Fig. 1 The BaP metabolites are powerful reactive compounds 
that can combine with DNA to generate adducts.12

Fig. 2 The process by which 8-oxodG and 8-oxoG are formed.24

minutes to allow for coagulation, centrifuged for 10 minutes at 
3000 rpm to detach the serum, and then the serum was split 
into small parts and stored at 20°C till it was consumed for 
PAH determination.
1. Gas chromatography with a Flame Ionization Detector 

(GC/FID) was used to measure the levels of PAH in 
serum.

2. 8-OHdG was determined by Enzyme-Linked Immuno-
sorbent assay (ELISA) Kit Catalog Number. ab201734.

3. Determination of malondialdehyde by Buege and Aust 
method. The MDA was estimated using the thiobarbi-
turic acid, which reacts with malondialdehyde to pro-
duce a  pink color that can be read at a  wavelength of up 
to 535  nm.

4. Determination of the activity levels of serum glutathione 
peroxidase, by ELISA Kit Catalog Number. E-EL-H5410.

5. Determination of the serum concentration of catalase, by 
ELISA Kit Catalog Number. MBS703074.

Results
Table 1 displays the average age for the two groups.

Mean concentration of PAHs, 8-Oxo-dG, MDA, and two 
antioxidant enzymes (Catalase and G-px) for the two groups 
are shown in Table 2, the effect of the exposure period to pol-
lutants from car exhaust and diesel engines on the traffic police 
who are in the offices as well as the traffic police deployed in 
the crowded intersections of the Baghdad city are summarized 
in the (Table 3) and (Table 4) respectively.

Discussion
Polycyclic aromatic hydrocarbons are hazardous pollutants, as 
exposure to these harmful substances increases the chance of 

Table 1. The groups’ average ages

Group N. Age (mean ± SD)

Office police 70 38.54 ± 5.49

Traffic police 70 40.15 ± 5.7

Table 2. The average levels of PAHs, 8-Oxo-dG, MDA, Catalase, 
and Gpx were within the two groups

Parameter Group Mean ± S.E. P-value

PAHs (ppm) 
Office police 6.91 ± 0.12

0.0001
Traffic police 8.94 ± 0.09

8-Oxo-dG conc. (ng/ml)
Office police 96.88 ± 9.35

0.0001
Traffic police 148.17 ± 8.47

MDA conc. (μmol/l)
Office police 2.1 ± 0.22

0.025
Traffic police 2.84 ± 0.26

Catalase activity (pg/ml)
Office police 648.15 ± 15.3

0.0001
Traffic police 398.52 ± 16.58

G-px activity (pg/ml)
Office police 55.74 ± 2.99

0.0001
Traffic police 34.34 ± 2.2

P-value <0.05 is significant.

Table 3. Comparison of the analyzed parameters for the office 
police group according to the length of exposure

Parameter Duration of  
exposure Mean ± S.E. P-value

PAHs (ppm)
less than 10 years 6.7  ± 0.31

0.599
more than 10 years 6.97 ± 0.12

8-Oxo-dG (ng/ml)
less than 10 years 101.55 ± 21.14

0.780
more than 10 years 95.39 ± 10.44

MDA (μmol/l)
less than 10 years 1.97 ± 0.54

0.880
more than 10 years 2.14 ± 0.23

Catalase (pg/ml)
less than 10 years 652.12 ± 43.34

0.995
more than 10 years 646.88 ± 15

G-px (pg/ml)
less than 10 years 59.89 ± 6.18

0.703
more than 10 years 54.41 ± 3.44

P-value >0.05 is non-significant.
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Table 4. Comparison of the analyzed parameters for the traffic 
police group according to the length of exposure

Parameter Duration of  
exposure Mean ± S.E. P-value

PAHs (ppm)
less than 10 years 8.80 ± 0.21

0.487
more than 10 years 9.01 ± 0.09

8-Oxo-dG (ng/ml)
less than 10 years 145.05 ± 12.62

0.782
more than 10 years 149.60 ± 10.99

MDA (μmol/l)
less than 10 years 2.63 ± 0.38

0.974
more than 10 years 2.93 ± 0.34

Catalase (pg/ml)
less than 10 years 394.49 ± 33.74

0.947
more than 10 years 400.36 ± 18.85

G-px (pg/ml)
less than 10 years 35.27 ± 5.00

0.781
more than 10 years 33.91 ± 2.28

P-value >0.05 is non-significant.

developing cancer,25 due to the harmful effects that these 
toxins and their reactive metabolites, such as dihydrodiols and 
epoxides, can have when they join to DNA and cellular pro-
teins26 like mutations, problems in development, and cancers 
that occur from the cell damage.27

The results of this study showed the presence of high con-
centrations of polycyclic aromatic hydrocarbons in the blood 
serum of the traffic police who are at the busy street intersec-
tions of the city of Baghdad, relative to the levels in the blood 
serum of the office police group. Since 2003, the number of 
passenger automobiles, buses, trucks, and household genera-
tors has skyrocketed in Iraq, posing serious environmental 
concerns. Near the Technology University in Baghdad, on and 
surrounding the Muhammad Al-Qasim highway, a study was 
conducted by28 to assess the connection between the level of 
activity, the movement of cars with various engines, and the 
pollution that comes from exhaust pipes, and it was discovered 
that pollutants such as sulfur and polycyclic aromatic hydro-
carbons, increase during the start and end periods of the 
working hours of state departments. Moreover, Iraqi inhabit-
ants employ hundreds of thousands of tiny electric generators 
in their houses,29 which use heavy oil or gasoline to create elec-
tricity, resulting in large quantities of soot, carbon deposits, 
and sulfur oxides.30

A recent study that measured air pollutants around Iraq, 
showed that the highest number was recorded in Al-Diwan-
iyah, followed by Baghdad, specifically the Dora area.31 Our 
results are in agreement with several previous studies, such as 
research32 on PAHs released by vehicles, which found that 
street cops have high exposures, much higher than chefs, and 
their exposure levels are comparable to coke factory workers. 
Another study in China found that traffic cops have a higher 
risk of PM2.5 pollution in the workplace than office cops who 
are considered a control group.33

In our current study, high levels of 8-Oxo-dG were found 
in the blood serum of the traffic police group at the intersec-
tions of the capital Baghdad compared with the levels recorded 
for the vital sign in the police group offices (representing the 
control group), and it was found that the increase in the levels 
of 8-Oxo-dG was in conjunction with the increase in the levels 

of PAHs in the traffic police group in the streets of Baghdad 
city who are directly exposed to the dangers of pollutants 
emitted from car exhaust and diesel engines. Many studies 
have utilized the 8-OHdG not only as a biomarker to estimate 
the impact of endogenous oxidative DNA damage but also as a 
health risk for a variety of disorders, including cancer.34

Various studies regarding the role of malondialdehyde, 
catalase and reduced glutathione in oxidative status studies 
have been reported in different clinical conditions.35,36 Our 
study also added an MDA biomarker to assess its levels in the 
blood of traffic police personnel and compare it with levels of 
PAHs in the two study groups. This study found an important 
correlation between the level of pollutants in the blood and the 
level of MDA, where the relationship between the level of 
PAHs and the level of MDA was positive and highly statisti-
cally significant as shown In the shape (after completion).

Our findings are consistent with the research conducted 
by37 on the workers of filling stations in Nanjing, China. This 
study demonstrated that refueling workers’ blood GSH levels 
were much lower than those of office workers. In contrast, 
refueling workers’ serum MDA and 8-OHdG levels were sub-
stantially greater than those of office employees. In research on 
traffic cops,38 reported a positive relationship between PM2.5 
exposure and 8-Oxo-dG. Another study found that smokers’ 
plasma MDA levels were larger than non-smokers.39 Another 
significant study34 was conducted on coke plant workers in 
China, in which workers in a coke plant were classified into a 
group exposed to relatively less particulate matter and a 
second group highly exposed to particulate matter exposed. 
As an internal dosage, urine concentrations of PAHs metabo-
lites and minerals were evaluated. The study reported higher 
levels of urinary 8-Oxo-dG and MDA were substantially 
linked to higher levels of PM2.5 and overall PAHs. By redox 
cycling, Polycyclic aromatic hydrocarbons intermediates gen-
erate ROS and trigger oxidative stress through many meta-
bolic processes. Exposure to Polycyclic a romantic hydrocarbon 
from environmental pollution was found to be positively 
related to urinary 8-OHdG amounts in epidemiological 
studies. The generation of ROS in normal metabolic processes, 
however, often does not result in oxidative stress because it is 
exactly balanced by the natural antioxidant system. As a result, 
toxins, ionizing radiations, and other external factors, as well 
as consumer habits and lifestyle factors such as alcohol con-
sumption, tobacco, lack of physical activity, a poor diet, and 
certain genetic factors, could all contribute to an increase in 
ROS production that overwhelms antioxidant defenses, 
resulting in oxidative stress. Higher levels of 8-OHdG may 
operate as a biomarker for oxidative stress on DNA, although 
it is not a particular diagnostic for PAH exposure.39 The rate of 
DNA repair processes, which involves the removal of damaged 
bases or complete nucleotides, is determined by the analyzed 
persons’ health state, age, diet, metabolic activity, and 
behavior.40 Additionally, biological membranes’ shape and flu-
idity can be altered by ROS-induced membrane lipid peroxi-
dation, which ultimately affects how well the membranes 
operate. Malondialdehyde (MDA) and hydroxynonenal are 
two of the most well studied indicators of lipid peroxidation 
(HNE). MDA is a highly reactive nuclear factor produced both 
by lipid peroxidation and as a byproduct of the synthesis of 
prostaglandins and thromboxanes that can attack large mole-
cules, including the group of proteins from amino acids or sulf-
hydryls resulting in changes in their functions. HNE is a 
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significant toxin produced when polyunsaturated fatty acids 
are attacked by ROS. It interacts with proteins to produce 
advanced end products of lipid oxidation. Both HNE and 
MDA approaches have been fined in atherosclerotic lesions.41

Elevated concentrations of urinary 8-Oxo-2ʹ-deoxy-
guanosine were found to be strongly related to an increased 
risk of lung cancer in never-smokers in an early prospective 
investigation. A recent, nested case-control study of lung 
cancer and automotive pollution found that employees in 
highly polluted areas had a lifelong risk of developing lung 
cancer of at minimum 50%.42 As a result, we can conclude that 
a deficiency of ability to regenerate mitochondrial and nuclear 
DNA injury is associated with a variety of neurological 
illnesses and tumors. Whereas, the high formation of 8-oxodG 
is a potential mutagenic lesion in DNA that leads to the con-
version of G: C to T: A (G → T) during DNA replication. 
Therefore, it is potentially a powerful cancer prediction 
weapon, if mutation-prone DNA lesions such as 8-oxo dG can 
be identified in genome scales.43 MDA reacts with DNA to 
yield harmful adducts of deoxyadenosine and deoxyguano-
sine.44 Additionally, the shape and fluidity of biological mem-
branes are altered during the membrane lipid peroxidation 
process brought on by ROS, which ultimately affects how well 
they function.41

Two types of antioxidant enzymes (catalase and glu-
tathione peroxidase) were selected to study their levels in the 
blood serum of the two study groups and their relationship to 
PAH level for both groups.

Our current study, found low levels in the levels of both 
catalase and glutathione peroxidase enzymes in the blood 
serum of traffic police personnel deployed in Baghdad city 
intersections compared to the levels of the two enzymes were 
in the control group represented by the offices police, and the 
levels of these enzymes were inversely proportional to the 
levels of pollutants in the blood serum represented by polycy-
clic aromatic hydrocarbons. Also, some studies conducted to 
evaluate the effects of occupational exposure to pollutants on 
oxidative stress in the body have indicated a decrease in the 
levels of antioxidant enzymes. In a study of pollution-exposed 
taxi drivers,45 reported a decrease in CAT and G-Px activities 
compared to the occupationally unexposed group. Cohort 
research done before, during, and after the Beijing Olympics 

has reported that when air pollution levels increased, indica-
tors of total antioxidant status-declined.46 The production of a 
sizable quantity of ROS by particulate matter in traffic exhausts 
is one theory for the reported negative health impacts. The 
smaller particles of the aerosols in the environment contain 
smaller, more ROS-rich particles. Polycyclic aromatic hydro-
carbons are also present in fine particles from vehicle exhaust 
(PAHs). It has been demonstrated that antioxidants play a crit-
ical role in the catalysis of the conversion of (O2) to H2O2 and 
the breakdown of H2O2 into H2O, respectively. Oxidative stress 
occurs when reactive oxygen species exceed the capacity of the 
antioxidants to act to defend the cell. Once antioxidant 
enzymes are depleted, the cell is more vulnerable to the 
harmful effects of a xenobiotic that can lead to cell harm or 
death. As a result, the repeated inhalation of gasoline vapors 
possesses potential to cause oxidative stress by lowering the 
body’s antioxidant defenses and cellular functions.47 Poor 
nutritional status can also contribute to oxidative stress, for 
example, selenium deficiency, which is associated with 
increased oxidative stress; higher GPx activity may arise from 
optimizing Se’s nutritional status. A higher risk of cancer in 
epidemiological research studies has been linked to low levels 
of antioxidant intake. G-Px loss resulted in loss of endothelial 
function, decreased angiogenesis, and increased infarction 
severity and vascular permeability in experimental animals,48 
as seen the activity of catalase, catalase,  SOD and GPx to have 
a substantial negative relationship with the risk of coronary 
artery disease in patients.49 In response to oxidative stress, pro-
longed antioxidant enzyme deficiency enhances tissue sensi-
tivity and severity.50

Conclusion
Exposure to air pollutants like polycyclic aromatic hydrocar-
bons can reduce levels of antioxidant enzymes and thus create 
a state of oxidative stress, manifested in the presence of high 
levels of 8-oxodG and MDA, which can lead to DNA damage 
that can lead to many types of cancer in the traffic policemen. 

Conflict of Interest
None. 

References
1. Miller M. R. (2020). Oxidative stress and the cardiovascular effects of air 

pollution. Free radical biology and medicine, 151: 69–87. 
2. Su, S. Y., Liaw, Y. P., Jhuang, J. R., Hsu, S. Y., Chiang, C. J., Yang, Y. W., and Lee,  

W. C. (2019). Associations between ambient air pollution and cancer 
incidence in Taiwan: an ecological study of geographical variations. BMC 
public health, 19(1): 1496. 

3. North, C. M., Rice, M. B., Ferkol, T., Gozal, D., Hui, C., Jung, S. H., et. al. (2019). 
Air Pollution in the Asia-Pacific Region. A Joint Asian Pacific Society of 
Respirology/American Thoracic Society Perspective. American journal of 
respiratory and critical care medicine, 199(6): 693–700. 

4. Cicoira M. (2018). Ambient air pollution as a new risk factor for 
cardiovascular diseases: Time to take action. European journal of preventive 
cardiology, 25(8): 816–817. 

5. Schraufnagel, D. E., Balmes, J. R., Cowl, C. T., De Matteis, S., Jung, S. H., 
Mortimer, K., et. al. (2019). Air Pollution and Noncommunicable Diseases: A 
Review by the Forum of International Respiratory Societies’ Environmental 
Committee, Part 2: Air Pollution and Organ Systems. Chest, 155(2): 
417–426. 

6. Turner, M. C., Krewski, D., Diver, W. R., Pope, C. A., Burnett, R. T., Jerrett, 
M., et. al. (2017). Ambient Air Pollution and Cancer Mortality in the 

Cancer Prevention Study II. Environmental health perspectives, 125(8): 
087013.

7. Vieira, V. M., Villanueva, C., Chang, J., Ziogas, A., and Bristow, R. E. (2017). 
Impact of community disadvantage and air pollution burden on 
geographic disparities of ovarian cancer survival in California. Environmental 
research, 156: 388–393. 

8. Cohen, A. J., Brauer, M., Burnett, R., Anderson, H. R., Frostad, J., Estep, K.,  
et. al. (2017). Estimates and 25-year trends of the global burden of disease 
attributable to ambient air pollution: an analysis of data from the Global 
Burden of Diseases Study 2015. Lancet (London, England), 389(10082): 
1907–1918. 

9. Cavalieri, E. L., and Rogan, E. G. (1995). Central role of radical cations in 
metabolic activation of polycyclic aromatic hydrocarbons. Xenobiotica; the 
fate of foreign compounds in biological systems, 25(7): 677–688.

10. Rossner, P., Jr, Svecova, V., Milcova, A., Lnenickova, Z., Solansky, I., and Sram, 
R. J. (2008). Seasonal variability of oxidative stress markers in city bus drivers. 
Part II. Oxidative damage to lipids and proteins. Mutation research, 642(1-2): 
21–27. 

11. Ledda, C., Loreto, C., Bracci, M., Lombardo, C., Romano, G., Cinà, D., Mucci, N., 
Castorina, S., and Rapisarda, V. (2018). Mutagenic and DNA repair activity in 



188 J Contemp Med Sci | Vol. 8, No. 3, May-June 2022: 184–188

Evaluation of DNA Damage in Traffic Cops Exposed to PAH Pollution
Original

A.R. Salem et al.

31. Al-Kasser  M. K. (2021). Air Pollution in Iraq Sources and Effects. IOP 
Conference Series: Earth and Environmental Science, 790:  012014. 

32. Hu, Y., Bai, Z., Zhang, L., Wang, X., Zhang, L., Yu, Q., and Zhu, T. (2007). 
Health risk assessment for traffic policemen exposed to polycyclic 
aromatic hydrocarbons (PAHs) in Tianjin, China. The Science of the total 
environment, 382(2-3): 240–250.

33. Chao, H.R., Hsu, J.W., Ku, H.Y., Wang, S.L., Huang, H.B., Liou, S.H. and Tsou, 
T.C. (2018). Inflammatory Response and PM2.5 Exposure of Urban Traffic 
Conductors. Aerosol Air Qual. Res. 18: 2633-2642. 

34. Hu, W., Wang, Y., Wang, T., Ji, Q., Jia, Q., Meng, T., Ma, S., Zhang, Z.,  
et. al. (2021). Ambient particulate matter compositions and increased 
oxidative stress: Exposure-response analysis among high-level exposed 
population. Environment international, 147: 106341.

35. Al-Ghreaty HB, Al-Tum’a FJ, Hatrosh SJ. The role of orexin hormone in sera 
of patients with metabolic syndrome of Kerbala province: Iraq. Iraq Medical 
Journal. 2017 Oct 2;1(3):57–60.

36. Al-Tu'ma, F. J. ; Abd Al-Hassan, A. T. and Al- Da'amy, E. M. (Spring 2016).  
Correlation between malondialdehyde and dyslipidemia in psoriatic 
patients. J Contemp Med Sci, 2 (6): 56–58.

37. Xiong, F., Li, Q., Zhou, B., Huang, J., Liang, G., Zhang, L., Ma, S., et. al. (2016). 
Oxidative Stress and Genotoxicity of Long-Term Occupational Exposure 
to Low Levels of BTEX in Gas Station Workers. International journal of 
environmental research and public health, 13(12) : 1212.

38. Tan, C., Lu, S., Wang, Y., Zhu, Y., Shi, T., Lin, M., et. al. (2017). Long-term 
exposure to high air pollution induces cumulative DNA damages in traffic 
policemen. The Science of the total environment, 593-594: 330–336.

39. Miglani, K., Kumar, S., Yadav, A., Aggarwal, N., Ahmad, I., and Gupta, R. 
(2019). A multibiomarker approach to evaluate the effect of polyaromatic 
hydrocarbon exposure on oxidative and genotoxic damage in tandoor 
workers. Toxicology and industrial health, 35(7): 486–496.

40. Gromadzińska, J., and Wąsowicz, W. (2019). Health risk in road transport 
workers.Part I. Occupational exposure to chemicals, biomarkers of 
effect. International journal of occupational medicine and environmental 
health, 32(3): 267–280.

41. Bigagli, E and Lodovici, M. (2019). Circulating Oxidative Stress Biomarkers 
in Clinical Studies on Type 2 Diabetes and Its Complications. Oxidative 
medicine and cellular longevity, 2019, 5953685. 

42. Huang, H. B., Chen, G. W., Wang, C. J., Lin, Y. Y., Liou, S. H., Lai, C. H., and Wang, 
S. L. (2013). Exposure to heavy metals and polycyclic aromatic hydrocarbons 
and DNA damage in taiwanese traffic conductors. Cancer epidemiology, 
biomarkers & prevention : a publication of the American Association for 
Cancer Research, cosponsored by the American Society of Preventive 
Oncology, 22(1): 102–108. 

43. Thanan, R., Oikawa, S., Hiraku, Y., Ohnishi, S., Ma, N., Pinlaor, S., Yongvanit, P., 
et. al. (2014). Oxidative stress and its significant roles in neurodegenerative 
diseases and cancer. International journal of molecular sciences, 16(1): 
193–217.

44. Lykkesfeldt J. (2007). Malondialdehyde as biomarker of oxidative damage 
to lipids caused by smoking. Clinicachimicaacta; international journal of 
clinical chemistry, 380(1-2): 50–58.

45. Brucker, N., Moro, A. M., Charão, M. F., Durgante, J., Freitas, F., Baierle, M.,  
et. al.(2013).Biomarkers of occupational exposure to air pollution, 
inflammation and oxidative damage in taxi drivers. The Science of the total 
environment, 463-464: 884–893.

46. Cosselman, K. E., Allen, J., Jansen, K. L., Stapleton, P., Trenga, C. A., Larson, T. 
V., and Kaufman, J. D. (2020). Acute exposure to traffic-related air pollution 
alters antioxidant status in healthy adults. Environmental research, 191: 
110027.

47. Wagboriayea F, Dedekeb G, Aladesidab A, Bamideleb J, Olootoc W. (2018) 
Assessment of the effect of gasoline fume on stress hormones, antioxidant 
status and lipid peroxidation in albino rat. J King Saud Univ Sci 30: 393–39.

48. Sarıkaya, E. and Doğan, S. (2020). Glutathione Peroxidase in Health and 
Diseases. In (Ed.), Glutathione System and Oxidative Stress in Health and 
Disease. IntechOpen.

49. Flores-Mateo, G., Carrillo-Santisteve, P., Elosua, R., Guallar, E., Marrugat, J., 
Bleys, J., and Covas, M. I. (2009). Antioxidant enzyme activity and coronary 
heart disease: meta-analyses of observational studies. American journal of 
epidemiology, 170(2): 135–147.

50. Delfino, R. J., Staimer, N., and Vaziri, N. D. (2011). Air pollution and circulating 
biomarkers of oxidative stress. Air quality, atmosphere, and health, 4(1): 
37–52.

traffic policemen: a case-crossover study. Journal of occupational medicine 
and toxicology (London, England), 13: 24.

12. Clergé, A., Le Goff, J., Lopez, C., Ledauphin, J., and Delépée, R. (2019). Oxy-
PAHs: occurrence in the environment and potential genotoxic/mutagenic 
risk assessment for human health. Critical reviews in toxicology, 49(4): 
302–328. 

13. Bai, J., Zhang, Y., Xi, Z., Greenberg, M. M., & Zhou, C. (2018). Oxidation 
of 8-Oxo-7,8-dihydro-2’-deoxyguanosine Leads to Substantial DNA-
Histone Cross-Links within Nucleosome Core Particles. Chemical 
research in toxicology, 31(12), 1364–1372. https://doi.org/10.1021/acs.
chemrestox.8b00244

14. Amente, S., Di Palo, G., Scala, G., Castrignanò, T., Gorini, F., Cocozza, S.,  
et. al.(2019). Genome-wide mapping of 8-oxo-7,8-dihydro-2’-
deoxyguanosine reveals accumulation of oxidatively-generated damage 
at DNA replication origins within transcribed long genes of mammalian 
cells. Nucleic acids research, 47(1): 221–236. 

15. Giorgio, M., Dellino, G. I., Gambino, V., Roda, N., and Pelicci, P. G. (2020). On 
the epigenetic role of guanosine oxidation. Redox biology, 29: 101398.

16. Nakabeppu, Y., Ohta, E., and Abolhassani, N. (2017). MTH1 as a nucleotide 
pool sanitizing enzyme: Friend or foe? Free radical biology and 
medicine, 107: 151–158. 

17. Pylväs-Eerola, M., Karihtala, P., and Puistola, U. (2015). Preoperative serum 
8-hydroxydeoxyguanosine is associated with chemoresistance and is 
a powerful prognostic factor in endometrioid-type epithelial ovarian 
cancer. BMC cancer, 15: 493.

18. Sova, H., Jukkola-Vuorinen, A., Puistola, U., Kauppila, S., and Karihtala, P. 
(2010). 8-Hydroxydeoxyguanosine: a new potential independent prognostic 
factor in breast cancer. British journal of cancer, 102(6): 1018–1023. 

19. Long, J. D., Matson, W. R., Juhl, A. R., Leavitt, B. R., Paulsen, J. S., and PREDICT-
HD Investigators and Coordinators of the Huntington Study Group (2012). 
8-OHdG as a marker for Huntington disease progression. Neurobiology of 
disease, 46(3): 625–634. 

20. Nakanishi, S., Suzuki, G., Kusunoki, Y., Yamane, K., Egusa, G., and Kohno, N. 
(2004). Increasing of oxidative stress from mitochondria in type 2 diabetic 
patients. Diabetes/metabolism research and reviews, 20(5): 399–404. 

21. Loft, S., and Poulsen, H. E. (1996). Cancer risk and oxidative DNA damage in 
man. Journal of molecular medicine (Berlin, Germany), 74(6) : 297–312.

22. Wu, L. L., Chiou, C. C., Chang, P. Y., and Wu, J. T. (2004). Urinary 8-OHdG:  
a marker of oxidative stress to DNA and a risk factor for cancer, 
atherosclerosis and diabetics. Clinica Chimica Acta; international journal of 
clinical chemistry, 339(1-2): 1–9. 

23. Wu, D., Liu, B., Yin, J., Xu, T., Zhao, S., Xu, Q., Chen, X., and Wang, H. (2017). 
Detection of 8-hydroxydeoxyguanosine (8-OHdG) as a biomarker of 
oxidative damage in peripheral leukocyte DNA by UHPLC-MS / MS. Journal 
of chromatography. B, Analytical technologies in the biomedical and life 
sciences, 1064 : 1–6 .

24. Guo, C., Ding, P., Xie, C., Ye, C., Ye, M., Pan, C., Cao, X., Zhang, S., and  
Zheng, S. (2017). Potential application of the oxidative nucleic acid damage 
biomarkers in detection of diseases. Oncotarget, 8(43): 75767–777.

25. da Silva Junior, F. C., Felipe, M., Castro, D., Araújo, S., Sisenando, H., and 
Batistuzzo de Medeiros, S. R. (2021). A look beyond the priority: A systematic 
review of the genotoxic, mutagenic, and carcinogenic endpoints of non-
priority PAHs 278, 116838. 

26. Rubin H. (2001). Synergistic mechanisms in carcinogenesis by polycyclic 
aromatic hydrocarbons and by tobacco smoke: a bio-historical perspective 
with updates. Carcinogenesis, 22(12): 1903–1930. 

27. Raghad H Al-Ani, and Estabraq AR. Al-Wasiti. (2021). The Adverse Effect of 
Air Pollution with Polycyclic Aromatic hydrocarbon (PAH) on 8-OXO-DG 
and gene expression (HOGG1) in Midland Refineries Company-Daura 
Refinery Workers. Indian Journal of Forensic Medicine & Toxicology, 15(3), 
2651–2656. 

28. Chaichan, M.T., Kazem, H.A. and Abed, T.A. (2016). Traffic and outdoor air 
pollution levels near highways in Baghdad, Iraq. Environ Dev Sustain 20, 
589–603 .

29. Kazem, H. A. and Chaichan, M.T.(2012). ”Status and future prospects of 
renewable energy in Iraq,” Renewable and Sustainable Energy Reviews, 
Elsevier, vol. 16(8): 6007-6012.

30. Chaichan, M. T., and Faris, S. S. (2015). Practical investigation of the 
environmental hazards of idle time and speed of compression ignition 
engine fueled with Iraqi diesel fuel. International Journal for Mechanical and 
Civil Engineering, 12(1): 29–34.

This work is licensed under a Creative Commons Attribution-NonCommercial 3.0 Unported License which allows users to read, copy, distribute and make derivative 
works for non-commercial purposes from the material, as long as the author of the original work is cited properly.

https://doi.org/10.22317/jcms.v8i3.1223

https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/journal/1755-1315
https://iopscience.iop.org/volume/1755-1315/790
https://ideas.repec.org/a/eee/rensus/v16y2012i8p6007-6012.html
https://ideas.repec.org/a/eee/rensus/v16y2012i8p6007-6012.html
https://ideas.repec.org/s/eee/rensus.html

