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Background: several factors are implicated in the occurrence of cancer basing on the degree of DNA 
damage to which, in turn, is equivalent to the extent of reactive oxygen and nitrogen stresses, 8-
Hydroxydeoxyguanosine (8- OHdG) is consider as a marker of oxidative stress in DNA molecule . 
Objective: This research was conducted to assess serum markers of protein oxidation, DNA damage, and 
lipid peroxidation levels in ovarian cancer. Patients and methods. The present study is composed of 85 
women (mean age = 62.03±12.4 yrs) with clinically and pathologically confirmed ovarian cancer and 65 
healthy women as a control group (mean age = 61±12.1 yrs). The measured biochemical parameters 
included: the level of serum protein oxidation, DNA damage, and lipid peroxidation Results: The results 
demonstrated significantly high values of 8-OHdG (p<0.0001) and significantly high (p<0.001, 
p<0.002)values in advanced oxidation protein products (AOPPs) & 3-Nitrotyrosine (3-NT)  in ovarian 
cancer in comparison with control group. There were also significantly high (p<0.05, p<0.001) values of 
sera, 4-hydroxynonenal 4-(HNE) and (8-isoprostaglandin F2alpha(8-PGF) in women ovarian cancer in 
comparison with control group. Conclusion: Assessment marker of, DNA damage, lipid peroxidation and 
protein oxidation May serve as prognostic tools in Ovarian carcinoma and the role of oxidative stress as a 
carcinogenic factor in ovarian cancer pathogenesis. 
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Introduction 
 
The evolution of cancer comprising several steps or stages that includes a complex sequence changes at 
cellular and molecular levels   mediated by a variety, of internal and external and exogenous stimulant [1]. 
Chemically reactive chemical species containing oxygen. include peroxides, superoxide, hydroxyl radical, 
singlet are very unstable species and react quickly with various molecules. They have an ability to directly 
interact with DNA molecules and they cause Lipid peroxidation and protein oxidation producing 
intermediates that interact with DNA molecules. It has been reported that formation of reactive oxygen 
species from DNA damage and mitochondrial oxidative stress is exactly, associated with tumorigenesis [2]. 
Several forms of DNA damage have been identified such as oxidized purine and pyrimidine bases (which 
characterized by strand breaks of DNA molecules [3]. 
Among various types of DNA damage that take place as a result of reactive oxygen species generation that 
enhance risks of cancer, the most examined base damage is 8-oxoguanine (8-oxoG) [4]. Formation of (8-
oxoGua) in DNA is a mutagenic species and possibly carcinogenic occurrence since the oxidized base has 
changed hydrogen bonding: that forms hydrogen bond with adenine instead of cytosine [5]. The altered base 
8-oxo-guanine, its deoxy-nucleoside derivative 8-OH-dG (8-hydroxy- 2’-deoxyguanosine) and 8-oxo-
adenine have been utilized as important indicators of DNA damage which is generated from oxidative stress 
[6].  
Oxidized damaged DNA molecules has often been considered as a possible basis for such physiological 
alteration linked to cancer.[7]. 8-Oxo-7,8-dihydroguanine (8-oxoGua), one of the oxidatively altered DNA 
bases, is an important marker of oxidative stress and may play a key role in tumorigenesis. The existence of 
8-oxoGua residues in DNA contribute in the point mutation in DNA  in which  purine (A or G) is changed 
for a (one ring) pyrimidine (T or C),  unless DNA repair system precede to DNA replication.[8] Therefore, 
the existence of (8-hydroxy- 2’-deoxyguanosine) may contribute in  mutagenesis and tumorigenesis in 
vivo.[9 ] 
 
Proteins are liable to be influenced by oxidative injury, generating cross-linkage species and aggregation 
cpompounds that are withstand toward proteolytic pathways. Indicators of protein oxidation were described 
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by [10], and called as advanced oxidation protein products (AOPPs), since they collaborating various 
similarities with advanced glycation end products modified proteins (AGEs-modified proteins), biomarkers 
of oxidative stress process that consideras a  protein glycooxidation. Circulating concentrations of dvanced 
oxidation protein products increase with development of chronic diseases [11], therefore, dvanced oxidation 
protein products have been regarded as disorder linked indicators for oxidative stress. AOPPs are considered 
as cross-linked protein products contain that dityrosine amino acids the existence of advanced oxidation 
protein products may be a more accurate indicators of oxidative stress than lipid peroxidation products [12]. 
3-Nitrotyrosine (NT) has been recognized as an indicator of overproduction of nitric oxide (·NO) by the 
action of reactive nitrogen species (RNS) formation. 3-Nitrotyrosine is a stable final product of nitration 
process of tyrosine amino acid by the reactive nitrogen species such as nitrogen dioxide and peroxynitrite. 
The peroxynitrite is a strong oxidant and toxic because of its capacity to oxidize such molecules like 
enzymes, lipids, proteins and DNA [13-15].  
 
The highly reactive molecule, formed by oxidative stress, can change the phospholipid bilayer 
 and cause the oxidative degradation of lipids of polyunsaturated fatty acids leading to the production of 
Peroxyl radicals), which, in turn, reacts with a lipid to produce a lipid hydroperoxide and lipid radical. lipid 
hydroperoxide are unstable: they form new peroxyl and alkoxy radicals and decay the secondary products 
[16]. Some kinds free radicals that formed during oxidative degradation of lipids have some very internal 
influences, because of their short lifespan, but the products of lipid peroxidation breakdown may act as 
“oxidative stress second messengers,” because of their prolonged half-life and their capacity to distribute 
from their site of production, compared to free radicals. [17]. 
4-hydroxynonenal is the very thoroughly, studied products of lipid peroxidation breakdown Among all 
products of lipid peroxidation, [18] 4-hydroxynonenal is a highly electron pair acceptor  molecule that 
quickly  bound  with compounds with low-molecular-weight, like glutathione, with proteins and, and react 
with DNA at higher concentration, [19, 20]. 4-hydroxynonenal has ability to form covalent modifications on 
macromolecules (Carbohydrates, lipids, proteins, and nucleic acids) because of its chemical reactivity hence 
it exhibits some biological influences. Three chief functional groups that includes (aldehyde group, the C=C 
double bond, and the hydroxyl group contributes in The chemical reactivity of 4-hydroxynonenal, those 
functional groups have ability to react chemically solely or in sequence with other biomolecules.  
Confirmations suppose that ovulation increases the circulating concentration of such inflammatory species, 
which can additionally cause mutations in DNA molecule  [21–24]. Ovulation generates  a void on the 
surface of ovarian, which leads to the replacement of damaged tissue by newly produced tissue, with 
elevated  concentration  of  messenger that  promote an inflammatory response  and reactive chemical 
species  It has been supposed that cancer cells from the fallopian tubes, the cervix lesions move  to the 
ovaries and produce cancer cell near the corpus luteum [25]. 
The aim of this study is to evaluate protein oxidation, DNA damage, and lipid peroxidation in patients with 
ovarian cancer and to investigate the relationship between oxidative stress and ovarian cancer 
  
Subjects  
This study involved 85 females, aged 29–70 years, who were visited the Hiwa Hospital in Sulaymaniyah 
city. These women were diagnosed to have ovarian cancer. A total of 65 apparently healthy women from the 
outpatient department were involved in this study as a control group. Ethical approval and permission for 
the study was taken from the Ethical Committee of Sulaymaniyah University (Iraq). Informed consent was 
taken from all the study subjects purely for research purpose.  
 
Samples  
1-Collection of the Blood 
Blood was sampled before any treatment was given. Six milliliters of venous blood were taken without 
using tornique from each individual, collected in plane polyethylene tube, allowed to stand at room 
temperature for thirty minutes, then the sample was centrifuged at (2000xg ) for 10 minutes, the obtained 
serum transferred immediately to another test tube. These samples were estimated directly for enzymes 
activities or frozen at – 20 C for subsequent analysis. 
 
Determination of of Biochemical markers  
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The concentration of 8-hydroxydeoxyguanosine (8
protein products (AOPP), and 3-nitrotyrosine (3
4-hydroxynonenal (4-HNE), and 8-ISO
serum samples were determined by sandwich enzyme
using the kit manufactured by BioVision company.
 
Principle:  
   This ELISA kit uses Sandwich-ELISA type as the method. The Microelisa stripplate provided in this kit 
has been pre-coated with an antibody specific to 
to the appropriate Microelisa stripplate wells and combined to the specific antibody. Then a Horseradish 
Peroxidase (HRP)-conjugated antibody specific for 
stripplate well and incubated. Free components (unbound conjugated antibodies) are washed away. The 
3,3',5,5'-tetramethylbenzidine (TMB) substrate solution is added to each well. Only those wells that contain 
biochemical marker and HRP-conjugated 
turn yellow after the addition of the stop solution (0.16M H
spectrophotometrically at a wavelength of 450 nm. The OD value i
concentration of each biochemical marker
 
Results& Discussion 
 
Serum levels of 8-hydroxydeoxyguanosine (8
The results in Figure (1) showed that there was a 
deoxy-Guanosine (8-OHdG) concentration in 

. 

Figure (1) Mean value of 8-OHdG concentration in sera samples of control and patient groups

8-hydroxy-2-deoxy-Guanosine level was measured to assess DNA damage due to the oxidative stress in 
ovarian cancer.  In the current study, the 
markedly increased, when compared with that of the
several studies referred to the presence of significant increase in 
different types of cancer [ 26-28, 29,30].
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Several species like Reactive oxygen species and reactive nitrogen species are implicated in the damage of 
DNA molecules. Those  reactive chemical species  can DNA damage  by the different ways( i)they can 
create single -strand break or double- strand break, and (ii) they can alter nitrogenous bases and make cross 
links  Reactive oxygen species (ROS) and reactive nitrogen species (RNS) can damage DNA in many ways: 
(a) they can form a single or double-strand break, and (b) they can modify nitrogenous bases and induce 
cross links.  When these damages are not repaired cells show replication errors, or progress elevated cell 
growth, undergo mortification, angiogenesis, and genetic instability, which finally results in the beginning 
of   Cancer cell [31]. The most huge by-product formed by these consequences is 8-hydroxy-2-
deoxyguanosine; therefore, determination of its concentration may be used to assess the load of oxidative 
DNA damage in the cell. This value could be important in understanding the role of oxidative stress in 
ovarian cancer progression. The higher oxidative DNA damage in the ovarian cancer, as a possible result of 
diminished activity of antioxidant species, indicates an important effect for reactive oxygen species in 
ovarian tumorigenesis. Therefore, the contents of 8-OHdG in serum could behave as a sensitive biomarker 
for ovarian cancer patients. The current study revealed remarkable increase in serum 8-hydroxy-
deoxyguanosine (8-OHdG) levels as an oxidative DNA damage biomarker. An 8-OHdG supplied a useful 
indicator for the measurement of oxidative DNA damage in vivo. Increased oxidative DNA damage in 
patients with ovarian cancer may be linked with previous studies, which have suggested the diminish in 
antioxidant system as well as increase in reactive metabolites in ovarian cancer patients [32]. The disparity 
between oxidative stress/antioxidant system was considered as chief cause for the elevation and excessive 
formation of DNA damage compounds in ovarian cancer patients. The findings of the current study are in 
line with earlier study of increased DNA damage in patients with various cancers. Khadem-Ansari et al. 
Obtained an increase in 8-OHdG levels in the urine of esophageal squamous cell carcinoma [33]. Similarly, 
[34] recorded that 8-OHdG were higher in human oesophageal cancer. Crohns et al, likewise, recorded the 
increased concentrations of 8-OHdG in the urine of patients with lung cancer [35]. A study performed by 
Wei et al. demonstrated the higher concentration in serum 8-OHdG values in patients with colorectal cancer 
than in healthy controls [36]. Cobanoglu et al. reported an increase in the levels of 8-OHdG in patients with 
lung cancer [37]  
Females with a high genetic risk of ovarian carcinoma have been shown to be distinctly possible  to express 
multiple inclusion cysts in their ovaries [38] As a an indicator of oxidative stress, 8-OHdG levels have been 
described to be increased in ovarian surface cells in postovulatory follicles of humans and sheep .High 8- 
OHdG concentrations have also been found in the epithelia of pre- and postovulatory follicles in egg-laying 
hens [39]. 
 
Serum levels of Advanced oxidant protein products (AOPP)  
The results presented in Figure (2) reveal the presence of a highly significant increase (P<0.001) in serum 
Advanced oxidant protein products (AOPP) levels in ovarian cancer group in comparison to that of healthy 
individuals.  
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Figure (2) Mean value of (AOPP) concentration in sera samples of control and patient groups

Advanced oxidation protein products produced by various oxidation patterns that contribute in the 
generation of nitric oxide or hydrogen peroxide which propose their role in the production of various kinds 
of reactive oxygen species that set a 
that causes cancers. [40]  
 Exhibition of proteins to reactive chemical species (reactive oxygen or nitrogen species) contribute in 
alteration of amino acid residues, altering the protein 
protein oxidation are often associated with markers of oxidative stress status is being studied. Proteins are a 
chief goal for oxidative damage and nitrative damage in vivo, it is 
proteins plays a key role in the biological mechanism 
Advanced oxidation protein products, which is products of the effect of reactive species on proteins, were 
delineated by Witko-Sarsat et al. [43] for the first time. Advance
characterized by dityrosine containing cross
indicators to determine the grade of protein oxidation [44]. They are increased in patients with kidney 
insufficiency and they reach the highest concentrations in patients after kidney replacement treatment [45]. 
Elevated concentrations were also observed in cancer patients where they linked with indicators of oxidative 
stress [46, 47]. In the present study we found that t
was remarkably higher in ovarian cancer patients. In agreement with our results, Noyan et al. [48] revealed 
that Advanced oxidation protein products concentration was significantly higher in the serum
gastric cancer than those from the normal control. Advanced oxidation protein products are described as a 
marker of oxidative stress as well as indicators of neutrophil activation in chronic disease [49]. It has thus 
been demonstrating that chlorinated oxidants of neutrophil origin may cause oxidative stress, 
protein oxidation. 
 
Serum levels of 3-Nitrotyrosine. (3-NT)
The results presented in Figure (3) reveal the presence of a highly significant decrease (P<0.00
3-Nitrotyrosine. (3-NT) levels in ovarian cancer 
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Figure (3) Mean value of (3-NT)

Oxidized amino acids and changed amino acid side chains 
When proteins undergo Oxidation [50].
the ortho position of tyrosine residues
major product of peroxynitrite attack on proteins is an addition of a nitro group to the ortho position of 
tyrosine residues to produce nitrotyrosine. 3
nitrative damage in vivo [51, 52]. The
previously recorded [53]. In this study, serum 3
patients. This finding is in line with other investigators’ findin
found that 3-NT levels are increased in gastric cancer patients.
 
Concentration of 3-nitrotyrosine has previously been examined in tissue sections of breast and ovarian 
tumors [56, 57]. Expression of nitrotyrosin
tumors and high levels of nitrotyrosine in ovarian tumors linked with poor survival. Our results reveal a 
similar result, tumors with high nitrotyrosine expression had a remarkably bad survival i
has been reported that the expression of nitrotyrosine was, higher in ovarian carcinomas, showing an over 80 
% expression [58]. Studies demonstrate that nitrotyrosine and 8OHdG that reflecting nitric oxide and 
hydroxyl mediated carcinogenesis  play a key role in the carcinogenesis of bladder cancer[58]
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The results presented in Figure (4) reveal the presence of a highly significant decrease (P<0.001) in serum 
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Figure (4) Mean value of (8-isoprostaglandin

The end products of oxidative degradation of lipids
its effect disrupting the balance between the antioxidant/oxidative stress system and via expression of some 
genes that contribute to initiation of cancer and its development. Isoprostane (8
a compound generated from oxidative degradation of lipids
evaluation. The 8-isoprostane is oxidative degradation of lipids
method from lipid content of cell membranous which includes:phospholipids, glycolipids, and arachidonic 
acid.[59] In animal model studies, elevated levels
tumorigenesis . It has been reported that estimation of F2
evaluating oxidative stress in vivo. Determinant of F2
oxidative stress in a wide ranges  of disease states. In the present study, there was an increase in serum
isoprostane level in ovarian cancer   patients compared with controls. These results concur with a previous 
study by [60]Khadem-Ansari et al., who also obtained an increase in esophageal squamous cell carcinoma 
patients. The study results are concordant
serum 8-isoprostane concentration in exhaled breath condensate and serum of patients with lung cancer.
 
 
Serum levels of 4-hydroxynonenal (HNE)
4-hydroxynonenal (HNE) concentration in sera samples of control and 
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Figure (5) Mean value of (4-HNE

 
4-hydroxynonenal is considered to involved to the mutagenic effects and carcinogenic effects correlated 
with oxidative stress- caused oxidative
bioactive metabolites can damage DNA, contribute in the formation of pro
inflammation-driven cancers [66]. Various studies have demonstrate that production  of protein 
hydroxynonenal adducts in kidney and colon cancer cells and tissues are correlated to growth and 
development of renal and colon cancers [69
concentrations were found in renal proximal tubules in a rat model of renal 
elevated 4-hydroxynonenal has been shown to be related to hepatocarcinogenesis initiation in rats model and 
these studies revealed that protein 
cellular disturbances causing  cancer initiation [72, 73]. 
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oxidation, and lipid peroxidation level are highly remarkable prognosticator
estimation could be helpful as an important diagnostic adjunct in the early diagnosis of 
 
 
References 
[1]. Valko M, Izakovic M, Mazur M, Rhodes JC, Telser J (2004) Oxidative damage and
cancer incidence. Mol Cell Biochem 266: 37
[2]. Kaur V, Kumar M, Kumar A, Kaur K, Dhillon VS, et al. (2017) Pharmacotherapeutic
potential of phytochemicals: Implications in cancer chemoprevention and 
Pharmacother 97: 564–586. [Crossref]

       

HNE) concentration in sera samples of control and patient groups

is considered to involved to the mutagenic effects and carcinogenic effects correlated 
oxidative degradation of lipids [62–65]. 4-hydroxynonenal

bioactive metabolites can damage DNA, contribute in the formation of pro-mutagenic lesions in 
driven cancers [66]. Various studies have demonstrate that production  of protein 

cts in kidney and colon cancer cells and tissues are correlated to growth and 
development of renal and colon cancers [69–70]. Elevated 4-hydroxynonenal or protein
concentrations were found in renal proximal tubules in a rat model of renal adenocarcinoma [71]. Further, 

has been shown to be related to hepatocarcinogenesis initiation in rats model and 
these studies revealed that protein alteration by 4-hydroxynonenal  could be a possible  mechanism of 

ances causing  cancer initiation [72, 73].  

These findings suggest that there was severe DNA damage (8-OHdG), and lipid peroxidation damage, 
protein oxidation in ovarian carcinoma patients. An increased serum DNA damage (8-OHdG), protein 

idation, and lipid peroxidation level are highly remarkable prognosticator of poor prognosis
helpful as an important diagnostic adjunct in the early diagnosis of ovarian carcinoma

M, Rhodes JC, Telser J (2004) Oxidative damage and 
cancer incidence. Mol Cell Biochem 266: 37–56. 
[2]. Kaur V, Kumar M, Kumar A, Kaur K, Dhillon VS, et al. (2017) Pharmacotherapeutic
potential of phytochemicals: Implications in cancer chemoprevention and future perspectives. Biomed 

586. [Crossref] 

           SMJ 

8 

 

concentration in sera samples of control and patient groups 

is considered to involved to the mutagenic effects and carcinogenic effects correlated 
hydroxynonenal and or its related 

mutagenic lesions in 
driven cancers [66]. Various studies have demonstrate that production  of protein -4-

cts in kidney and colon cancer cells and tissues are correlated to growth and 
or protein-4-hydroxynonenal 

adenocarcinoma [71]. Further, 
has been shown to be related to hepatocarcinogenesis initiation in rats model and 

could be a possible  mechanism of 

OHdG), and lipid peroxidation damage, 
OHdG), protein 

of poor prognosis and their 
ovarian carcinoma.  

 

[2]. Kaur V, Kumar M, Kumar A, Kaur K, Dhillon VS, et al. (2017) Pharmacotherapeutic 
future perspectives. Biomed 



Sapporo Medical Journal 
Volume 54, Issue 08, August, 2020 

  

9 
 

[3]. Shaposhnikov S, Thomsen PD, Collins AR (2011) Combining fluorescent in situ hybridization with the 
comet assay for targeted examination of DNA damage and repair. Methods Mol Biol 682: 115–132. 
[Crossref 
 
[4]. Damas J, Carneiro J, Gonçalves J, Stewart JB, Samuels DC, et al. (2012) Mitochondrial 
DNA deletions are associated with non-B DNA conformations. Nucleic Acids Res 40: 7606-7621. 
[Crossref] 
[5]. Valavanidis A, Vlachogianni T, Fiotakis C (2009) 8-hydroxy-2’ -deoxyguanosine (8- OHdG): A critical 
biomarker of oxidative stress and carcinogenesis. J Enviro Sci Health Part C Environmental Carcinog 27: 
120-139. 
[6]. Kiokias S, Proestos C, OreopoulouV (2018) Effect of natural food antioxidants against LDL and DNA 
oxidative changes. Antioxidants 7: 133. [Crossref] 
 [7]. Cooke MS, Olinski R, Evans MD. Does measurement of oxidative damage to DNA have clinical 
significance? Clin Chim Acta 2006;365:30–49. 
[8]. Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA. 8-Hydroxyguanine, an abundant form of 
oxidative DNA damage, causes G—-T and A—-C substitutions. J Biol Chem 1992;267:166–72. 
[9]. Floyd RA. The role of 8-hydroxyguanine in carcinogenesis. Carcinogenesis 1990;11:1447–50. 
[10]Witko-Sarsat V, Friedlander M, Capelliere-Blandin C, Nguyen-Khoa T, Nguyen AT, Zingraff J, Jungers 
P, Descamps-Latscha B (1996) Advanced oxidation protein products as a novel marker of oxidative stress in 
uremia. Kidney Int 49: 1304–1313. 
[11]Witko-Sarsat V, Friedlander M, Khoa TN, Capeillere-Blandin C, Nguyen AT, Canteloup S, Dayer J-M, 
Jungers P, Drueke T, Descamps-Latscha B (1998) Advanced oxidation protein products as novel mediators 
of inflammation and monocyte activation in chronic renal failure. J 
Immunol 161: 2524–2532. 
[12]Dalle-Donne I, Rossi R, Giustarini D, Milzani A, ColomboR (2003) Protein carbonyl groups as 
biomarkers of oxidative stress. Clin Chim Acta 329: 23–38. 
[13] Luanpitpong S and Chanvorachote P: Nitric Oxide and Aggressive Behavior of Lung Cancer Cells. 
Anticancer Res 35: 4585-4592, 2015. PMID:26254346. 
[14] Bauer G: Central signaling elements of intercellular reactive oxygen/nitrogen species-dependent 
induction of apoptosis in malignant cells. Anticancer Res 37: 499-514, 2017. PMID: 
28179295, DOI: 10.21873/anticanres.11342 
[15]Bauer G: siRNA-based analysis of the abrogation of the protective function of membrane-associated 
catalase of tumor cells. Anticancer Res 37: 567-581, 2017. PMID: 28179303, DOI: 
10.21873/anticanres.11350 
[16] P. Spiteller, W. Kern, J. Reiner, and G. Spiteller, “Aldehydic lipid peroxidation products derived from 
linoleic acid,” Biochimica et Biophysica Acta, vol. 1531, no. 3, pp. 188–208, 2001. [17] G. Barrera, S. 
Pizzimenti, and M. U. Dianzani, “Lipid peroxidation: control of cell proliferation, cell differentiation and 
cell death,” Molecular Aspects of Medicine, vol. 29, no. 1-2, pp. 1–8, 2008.  
[18] S. Pizzimenti, C. Toaldo, P. Pettazzoni, M. U. Dianzani, and G. Barrera, “The “Two-Faced” effects of 
reactive oxygen species and the lipid peroxidation product 4-Hydroxynonenal in the hallmarks of cancer,” 
Cancers, vol. 2, no. 2, pp. 338–363, 2010.  
[19] H. Esterbauer, R. J. Schaur, and H. Zollner, “Chemistry and Biochemistry of 4-hydroxynonenal, 
malonaldehyde and related aldehydes,” Free Radical Biology and Medicine, vol. 11, no. 1, pp. 81–128, 
1991.  
[20] K. Uchida, “4-Hydroxy-2-nonenal: a product and mediator of oxidative stress,” Progress in Lipid 
Research, vol. 42, no. 4, pp. 318–343, 2003 
[21]. Murdoch WJ, Martinchick JF. Oxidative damage to DNA of ovarian surface epithelial cells affected by 
ovulation: carcinogenic implication and chemoprevention. Exp Biol Med. 2004;229:546–52. 
[22]. Murdoch WJ. Carcinogenic potential of ovulatory genotoxity. Biol Reprod. 2005;73:586–90. 
[23]. Murdoch WJ, Van Kirk EA, Alexander BM. Damages in ovarian surface epithelial cells of ovulatory 
hens. Exp Biol Med. 2005;230:429–33. 
[24]. Ness RB, Cottreau C. Possible role of ovarian epithelial inflammation in ovarian cancer. J Natl Cancer 
Inst. 1999;91:1459–67. 



Lana M.A, Parween A.S.I                  SMJ 

 

10 
 

[25]. Yang-Hartwich Y, Gurrea-Soteras M, Sumi N, Joo WD, Holmberg JC, Craveiro V, et al. Ovulation 
and extra-ovarian origin of ovarian cancer. Sci Rep. 2014; doi:10.1038/srep06116 
 
[26]- Mohammad-Hassan Khadem-Ansari,1 Samira Nozari,2 Mojtaba Asoudeh,1 Yousef Rasmi,1 and 
Yousef Faridvand3, Elevated Serum 8-Hydroxy-2’-Deoxyguanosine, Nitrite, and Nitrate in Patients with 
Stage I Multiple Myeloma. Int J Cancer Manag. 2017 October; 10(10):e8493. 
[27] -Kanchan Karki, Deepti Pande  , Reena Negi  , Ranjana S. Khanna  and H.D. Khanna . An Assessment 
of Oxidative Damage and Non-Enzymatic Antioxidants Status Alteration in Relation to Disease Progression 
in Breast Diseaeses. Med. Sci. 2016, 4, 17; doi:10.3390/medsci4040017. 
[28]-Silvia Borrego, Antonio Vazquez, Francisco Dasí, Concha Cerdá, Antonio Iradi, Carmen Tormos, Julia 
M. Sánchez, Leticia Bagán, Javier Boix, Cristóbal Zaragoza, Jordi Camps  and Guillermo Sáez. Oxidative 
Stress and DNA Damage in Human Gastric  Carcinoma: 8-Oxo-7'8-dihydro-2'-deoxyguanosine (8-oxo-dG) 
as a Possible Tumor Marker. Int. J. Mol. Sci. 2013, 14, 3467-3486; doi:10.3390/ijms14023467 
 
[29]-Marjo Pylväs-Eerola, Peeter Karihtala and Ulla Puistola1 . Preoperative serum 8-
hydroxydeoxyguanosine is associated with chemoresistance and is a powerful prognostic factor in 
endometrioid-type epithelial ovarian cancer. BMC Cancer (2015) 15:493. 
 
[30]. Pylvas M, Puistola U, Laatio L, Kauppila S, Karihtala P. Elevated serum 8-OHdG is associated with 
poor prognosis and 8-isoprostane in esophageal squamous cell carcinoma. J Carcinog. 2011; 10:14. 
[31]-Karihtala, P.; Kauppila, S.; Puistola, U.; Jukkola-Vuorinen, A. Divergent behaviour of oxidative stress 
markers 8- hydroxydeoxyguanosine (8-OHdG) and 4-hydroxy-2-nonenal (HNE) in breast carcinogenesis. 
Histopathology 2011, 58, 854–862.  
 
[32]. Gangemi S, Allegra A, Alonci A, Cristani M, Russo S, Speciale A, et al.Increase of novel biomarkers 
for oxidative stress in patients with plasma cell disorders and in multiple myeloma patients with bone  
lesions. Inflamm Res. 2012;61(10):1063–7. doi: 10.1007/s00011-012-0498-7. [PubMed: 22674324]. 
[33]. Khadem-Ansari MH, Shahsavari Z, Rasmi Y, Mahmoodlo R. Elevated levels of urinary 8-hydroxy-2’-
deoxyguanosine and 8-isoprostane in esophageal squamous cell carcinoma. J Carcinog. 2011;10:14. doi: 
 
[34]. Diakowska D, Lewandowski A, Kopec W, Diakowski W, Chrzanowska T. Oxidative DNA damage 
and total antioxidant status in serum of patients with esophageal squamous cell carcinoma. 
Hepatogastroenterology. 2007;54(78):1701–4. [PubMed: 18019698]. 
[35]. Crohns M, Saarelainen S, Erhola M, Alho H, Kellokumpu-Lehtinen P. Impact of radiotherapy and 
chemotherapy on biomarkers of oxidative DNA damage in lung cancer patients. Clin Biochem. 2009;42(10-
11):1082–90. doi: 10.1016/j.clinbiochem.2009.02.022. 
 
[36]. Wei YC, Zhou FL, He DL, Bai JR, Hui LY, Wang XY, et al. The level of oxidative stress and the 
expression of genes involved in DNA-damage signaling pathways in depressive patients with colorectal 
carcinoma. J Psychosom Res. 2009;66(3):259–66.               .               doi:10.1016/j.jpsychores.2008.09.001.  
[37]. Cobanoglu U, Demir H, Cebi A, Sayir F, Alp HH, Akan Z, et al. Lipid peroxidation, DNA damage and 
coenzyme Q10 in lung cancer patients–markers for risk assessment?. Asian Pac J Cancer Prev. 
2011;12(6):1399–403. 
[38] Murdoch WJ, Van Kirk EA and Alexander BM: DNA Damages in ovarian surface epithelial cells of 
ovulatory hens. Exp Biol Med 230: 429-433, 2005. 
[39] Ness RB and Cottreau C: Possible role of ovarian epithelial inflammation in ovarian cancer. J Natl 
Cancer Inst 91: 1459- 1467, 1999. 
[40]. Patel BP, Rawal UM, Rawal RM, Shukla SN, Patel PS. Tobacco, anti-oxidant enzymes, oxidative 
stress and genetic susceptibility in oral cancer. Am J Clin Oncol. 2008;31(5):454-9 
[41] E. R. Stadtman and B. S. Berlett, “Reactive oxygen-mediated protein oxidation in aging and disease,” 
Drug Metabolism Reviews, vol. 30, no. 2, pp. 225–243, 1998. 
[42] B. S. Berlett and E.R. Stadtman, “Protein oxidation in aging, disease, and oxidative stress,”The Journal 
of Biological Chemistry, vol. 272, no. 33, pp. 20313–20316, 1997 
 



Sapporo Medical Journal 
Volume 54, Issue 08, August, 2020 

  

11 
 

 [43] V. Witko-Sarsat, M. Friedlander, C. Capeill`ere-Blandin et al., “Advanced oxidation protein products 
as a novel marker of oxidative stress in uremia,” Kidney International, vol. 49, no. 5, pp. 1304–1313, 1996. 
 
[44] C. J. J. Alderman, S. Shah, J. C. Foreman, B. M. Chain, and D. R. Katz, “The role of advanced 
oxidation protein products in regulation of dendritic cell function,” Free Radical Biology and Medicine, vol. 
32, no. 5, pp. 377–385, 2002. 
[45] V.Witko-Sarsat, M. Friedlander, T. N. Khoa et al., “Advanced oxidation protein products as novel 
mediators of inflammation and monocyte activation in chronic renal failure,” Journal of 
Immunology, vol. 161, no. 5, pp. 2524–2532, 1998. 
[46] F. Kosova, B. C¸ etin, M. Akinci et al., “Advanced oxidation protein products, ferrous oxidation in 
xylenol orange, and malondialdehyde levels in thyroid cancer,” Annals of Surgical 
Oncology, vol. 14, no. 9, pp. 2616–2620, 2007. 
[47] A. S. Nayyar, M. Khan, K. R. Vijayalakshmi, B. Suman, H. C. Gayitri, and M. Anitha, “Serum total 
protein, albumin and advanced oxidation protein products (AOPP)—implications 
in oral squamous cell carcinoma,” The Malaysian Journal of Pathology, vol. 34, no. 1, pp. 47–52, 2012. 
[48] T. Noyan, H. Guducuoglu, and M. Ilhan, “A study of oxidative stress parameters in anti-helicobacter 
pylorus immunoglobulin G positive and negative gastric cancer patients,” Yonsei Medical Journal, vol. 50, 
no. 5, pp. 677–682, 2009. 
 
[49]Witko-Sarsat V, Gausson V, Nguyen A-T, Nguyen AT, Touam M, Drüeke T, Santangelo F, Descamps-
Latscha B (2003) AOPP-induced activation of human neutrophil and monocyte oxidative metabolism: a 
potential target for N-acetylcysteine treatment in dialysis patients. Kidney Int 64: 82–91. 
 
[50] S. Adams, P. Green, R. Claxton et al., “Reactive carbonyl formation by oxidative and non-oxidative 
pathways,” Frontiers in Bioscience A, vol. 6, pp. 17–24, 2001. 
[51] B. Halliwell, “What nitrates tyrosine? Is nitrotyrosine specific as a biomarker of peroxynitrite formation 
in vivo,” FEBS Letters, vol. 411, no. 2-3, pp. 157–160, 1997. 
[52] H. Ohshima, M. Friesen, I. Brouet, and H. Bartsch, “Nitrotyrosine as a new marker for endogenous 
nitrosation and nitration of proteins,” Food and Chemical Toxicology, vol. 28, no. 9, pp. 647–652, 1990. 
[53] S. Kondo, S. Toyokuni, Y. Iwasa et al., “Persistent oxidative stress in human colorectal carcinoma, but 
not in adenoma,” Free Radical Biology and Medicine, vol. 27, no. 3-4, pp. 401–410, 1999. 
[54] T. Goto, K. Haruma, Y. Kitadai et al., “Enhanced expression of inducible nitric oxide synthase and 
nitrotyrosine in gastric mucosa of gastric cancer patients,” Clinical Cancer Research, vol. 5, no. 6, pp. 1411–
1415, 1999. 
 
[55] B. Bancel, J. Est`eve, J.-C. Souquet, S. Toyokuni, H. Ohshima, and B. Pignatelli, “Differences in 
oxidative stress dependence between gastric adenocarcinoma subtypes,” World Journal of Gastroenterology, 
vol. 12, no. 7, pp. 1005–1012, 2006. 
 
 
[56] Sova H, Jukkola-Vuorinen A, Puistola U, Kauppila S, Karihtala P. 8-Hydroxydeoxyguanosine: a new 
potential independent prognostic factor in breast cancer. Br J Cancer 2010;102:1018-23.  
[57] Pylväs M, Puistola U, Kauppila S, Soini Y, Karihtala P. Oxidative stress-induced antioxidant enzyme 
expression is an early phenomenon in ovarian carcinogenesis. Eur J Cancer 2010;46:1661-7.  
[58] Karihtala P, Soini Y, Vaskivuo L, Bloigu R, Puistola U. DNA adduct 8-hydroxydeoxyguanosine, a 
novel putative marker of prognostic significance in ovarian carcinoma. Int J Gynecol Cancer 2009;19:1047-
51. 
59] Barrera G. Oxidative stress and lipid peroxidation products in cancer progression and therapy. ISRN 
Oncol 2012;2012:137289. 
[60] Khadem-Ansari MH, Shahsavari Z, Rasmi Y, Mahmoodlo R. Elevated levels of urinary 8-hydroxy-2′ -
deoxyguanosine and 8- isoprostane in esophageal squamous cell carcinoma. J Carcinog 2011;10:14. 
 [61] Dalaveris E, Kerenidi T, Katsabeki-Katsafli A, Kiropoulos T, Tanou K, Gourgoulianis KI, et al. 
VEGF, TNF-alpha and 8-isoprostane levels in exhaled breath condensate and serum of patients with lung 
cancer. Lung Cancer 2009;64(2):225–19 



Lana M.A, Parween A.S.I  

 

 

[62]. Klaunig JE, Kamendulis LM. The role of oxidative stress in carcinogenesis. Annual Review of 
Pharmacology and Toxicology. 2004; 44:239
[63]. Marnett LJ. Lipid peroxidation
424:83–95. [PubMed: 10064852] 
[64]. Marnett LJ. Oxy radicals, lipid peroxidation and DNA damage. Toxicology. 2002; 181
[65]. Nair U, Bartsch H, Nair J. Lipid peroxidation
diseases: a review of published adduct types and levels i
and Med. 2007; 43:1109–1120. [PubMed: 17854706]
[66]. Bartsch H, Nair J. Chronic inflammation and oxidative stress in the genesis and perpetuation of cancer: 
role of lipid peroxidation, DNA damage, and repair. Langenbecks Arch Sur
[PubMed: 16909291] 
[67]. Oberley TD, Toyokuni S, Szweda LI. Localization of hydroxynonenal protein adducts in normal 
human kidney and selected human kidney cancers. Free Radic Biol Med. 1999; 27:695
10490290] 
[68]. Zanetti D, Poli G, Vizio B, Zingaro B, Chiarpotto E, Biasi F. 4
growth factor-beta1 expression in colon cancer. Mol Aspects Med. 2003; 24:273
[69]. Skrzydlewska E, Sulkowski S, Koda M, Zalewski B, Kanczuga
peroxidation and antioxidant status in colorectal cancer. World J Gastroenterol. 2005; 11:403
15637754] 
[70]. Skrzydlewska E, Stankiewicz A, Sulkowska M, Sulkowski S, Kasacka I. Antioxidant status and lipid 
peroxidation in colorectal cancer. J Toxicol Environ Health A. 2001; 64:213
[71]. Toyokuni S, Uchida K, Okamoto K, Hattori
hydroxy-2-nonenal-modified proteins in the renal proximal tubules of ra
ferric nitrilotriacetate. Proc Natl Acad Sci U S A. 1994; 91:2616
8146163] 
[72]. Marquez-Qui.ones A, Cipak A, Zarkovic K, Fattel
Zarkovic N, Gu.raud F. HNE-protein adducts
hepatitis in LEC rats. Free Radic Res. 2010; 44:119
[73]. Chang B, Nishikawa M, Nishiguchi S, Inoue M. L
protection of mitochondria. Int J Cancer. 2005; 113:719
 
 

This work is licensed under a C
4.0 International License.

 
 
 
 

       

E, Kamendulis LM. The role of oxidative stress in carcinogenesis. Annual Review of 
Pharmacology and Toxicology. 2004; 44:239–267. 
[63]. Marnett LJ. Lipid peroxidation—DNA damage by malondialdehyde. Mutation Research. 1999; 

]. Marnett LJ. Oxy radicals, lipid peroxidation and DNA damage. Toxicology. 2002; 181
[65]. Nair U, Bartsch H, Nair J. Lipid peroxidation-induced DNA damage in cancer-prone inflammatory 
diseases: a review of published adduct types and levels in humans. Free Radic Biol 

1120. [PubMed: 17854706] 
[66]. Bartsch H, Nair J. Chronic inflammation and oxidative stress in the genesis and perpetuation of cancer: 
role of lipid peroxidation, DNA damage, and repair. Langenbecks Arch Surg. 2006; 391:499

[67]. Oberley TD, Toyokuni S, Szweda LI. Localization of hydroxynonenal protein adducts in normal 
human kidney and selected human kidney cancers. Free Radic Biol Med. 1999; 27:695

ti D, Poli G, Vizio B, Zingaro B, Chiarpotto E, Biasi F. 4-hydroxynonenal and transforming 
beta1 expression in colon cancer. Mol Aspects Med. 2003; 24:273–80. [PubMed: 12893005]

[69]. Skrzydlewska E, Sulkowski S, Koda M, Zalewski B, Kanczuga-Koda L, Sulkowska M. Lipid 
peroxidation and antioxidant status in colorectal cancer. World J Gastroenterol. 2005; 11:403

[70]. Skrzydlewska E, Stankiewicz A, Sulkowska M, Sulkowski S, Kasacka I. Antioxidant status and lipid 
on in colorectal cancer. J Toxicol Environ Health A. 2001; 64:213–22. [PubMed: 11594700]

[71]. Toyokuni S, Uchida K, Okamoto K, Hattori-Nakakuki Y, Hiai H, Stadtman ER. Formation of 4
modified proteins in the renal proximal tubules of rats treated with a renal carcinogen, 

ferric nitrilotriacetate. Proc Natl Acad Sci U S A. 1994; 91:2616–20. [PubMed: 

Qui.ones A, Cipak A, Zarkovic K, Fattel-Fazenda S, Villa-Trevi.o S, Waeg G,
protein adducts formation in different pre-carcinogenic stages of

hepatitis in LEC rats. Free Radic Res. 2010; 44:119–27. [PubMed: 19886749] 
[73]. Chang B, Nishikawa M, Nishiguchi S, Inoue M. L-carnitine inhibits hepatocarcinogenesis via 

Cancer. 2005; 113:719–29. [PubMed: 15499623] 

This work is licensed under a Creative Commons Attribution Non Commercial 
International License. 

           SMJ 

12 

E, Kamendulis LM. The role of oxidative stress in carcinogenesis. Annual Review of 

DNA damage by malondialdehyde. Mutation Research. 1999; 

]. Marnett LJ. Oxy radicals, lipid peroxidation and DNA damage. Toxicology. 2002; 181–182:219–222. 
prone inflammatory 

[66]. Bartsch H, Nair J. Chronic inflammation and oxidative stress in the genesis and perpetuation of cancer: 
g. 2006; 391:499–510. 

[67]. Oberley TD, Toyokuni S, Szweda LI. Localization of hydroxynonenal protein adducts in normal 
human kidney and selected human kidney cancers. Free Radic Biol Med. 1999; 27:695–703. [PubMed: 

hydroxynonenal and transforming 
80. [PubMed: 12893005] 

Koda L, Sulkowska M. Lipid 
peroxidation and antioxidant status in colorectal cancer. World J Gastroenterol. 2005; 11:403–6. [PubMed: 

[70]. Skrzydlewska E, Stankiewicz A, Sulkowska M, Sulkowski S, Kasacka I. Antioxidant status and lipid 
22. [PubMed: 11594700] 

Nakakuki Y, Hiai H, Stadtman ER. Formation of 4- 
ts treated with a renal carcinogen, 

Trevi.o S, Waeg G, 
carcinogenic stages of 

carnitine inhibits hepatocarcinogenesis via 

Commercial 


