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ASSESSMENT OF DNA OXIDATIVE DAMAGE IN 

INDIVIDUALS WITH METHAMPHETAMINE ADDICTION 

Introduction. Methamphetamine abuse has many detrimental 

effects on the central nervous system. An important aspect of 

methamphetamine addiction is oxidative stress, characterized by an 

imbalance between antioxidants and oxidants, leading to disruptions in 

redox signaling and molecular damage. The present study was 

conducted to assess genomic damage in addicted males to predict their 

potential cancer risk.  

Methods. The study involved 42 Iraqi male patients aged 16 to 46 

years, diagnosed with methamphetamine addiction. The control group 

consisted of 24 healthy volunteers. Buccal and urine samples, as well as 

personal information, were obtained from all the participants. Genomic 

damage was evaluated by measuring micronuclei and binucleated cells 

in exfoliated buccal mucosa using the buccal micronucleus cytome 

assay. Also, urinary concentrations of 8-hydroxy-2′-deoxyguanosine (8-

OHdG), a biomarker of DNA oxidative damage, were determined using 

an enzyme-linked immunosorbent assay. 

Results and Discussion: The study compared patients (mean age 

25.12 ± 6.73) and controls (23.92 ± 6.55, p < 0.05). Controls had 

higher body mass index (BMI) (20.85 ± 2.22 vs. 19.88 ± 2.3, p < 

0.001). Patients showed elevated 8-OHdG level (1132.53 ± 3103.98 

ng/ml), positively correlating with age (r = 0.442) and BMI (r = 0.391, 

p < 0.01). Micronucleus and binucleated cell frequencies were 

significantly higher in patients (p < 0.001). The patient group exhibited 

a higher concentration of 8-OHdG compared to the control group 

(6.334 ± 2.952 ng/ml). The current study offers original  findings on 

the effect of methamphetamine abuse on genomic instability. This 

directs a higher frequency of chromosomal abnormalities mitotic 

distraction among methamphetamine users, supporting the link 

between methamphetamine abuse and elevated genomic instability 

which is an identified risk factor for the development of cancer.  
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ABBREVIATIONS 

CNS– central nervous system (CNS) 

8-OHdG – 8-hydroxydeoxyguanosine 

DNA – deoxyribonucleic acid 

BMCyt – buccal micronucleus cytome 

BMI – body mass index 

MN – micronucleus 

ROS – reactive oxygen species 

BER – base excision repair  

NER – nucleotide excision repair 

 

INTRODUCTION  

An addictive disorder is a chronically reversible 

brain disease that progresses with time. It is a disease 

that results from facultative drug use that leads to 

irresistible, drug-seeking behaviors that can affect the 

individual's ability to function in society [1]. 

Methamphetamine abuse has many detrimental effects 

on the central nervous system (CNS). An important 

aspect of methamphetamine addiction is oxidative 

stress, characterized by an imbalance between 

antioxidants and oxidants, leading to disrupted redox 

signaling and molecular damage. To develop effective 

treatment plans for methamphetamine addiction, it is 

essential to identify the oxidative stress process [2]. One 

of the adverse effects of oxidative stress is damage to 

genetic material, including the formation of 8-

hydroxydeoxyguanosine (8-OHdG), a well-known 

biomarker of oxidative stress. This damage can result in 

mutations that may lead to cancer. Therefore, it is 

important to moderate oxidative stress and prevent 

damage to deoxyribonucleic acid (DNA) [3]. The 

presence of 8-oxoG lesions in DNA can lead to 

mutations, genomic instability, and disrupted cellular 

functions if not properly repaired. Previous research 

indicates that exposure to methamphetamine can 

increase oxidative DNA damage in various tissues, 

including fetal tissues, the brain, and the liver. To 

counteract this damage, DNA repair mechanisms, such 

as the base excision repair pathway, are initiated [4, 5].  

The micronuclei assay in human or animal cells has 

been identified as one of the typical cytogenetic 

biomarkers utilized in vivo or ex vivo genetic 

toxicological studies. In humans, micronuclei can be 

readily assessed in erythrocytes and primary mitogen-

stimulated lymphocytes. Additionally, numerous studies 

have measured the frequency of micronuclei in 

exfoliated epithelial cells, including oral, urothelial, and 

nasal cells [6, 7]. In the buccal micronucleus cytome 

(BMCyt) assay, buccal cells are classified into normal 

and abnormal groups based on their nuclear 

characteristics. The presence of micronuclei and nuclear 

buds indicates genomic damage, while features such as 

condensed chromatin, karyorrhexis, pyknosis, 

karyolysis, and anucleated cells are markers of cell 

death. Cytogenetic failure is evidenced by the presence 

of binucleated [7]. In the early 1980s, Stich and 

colleagues applied the micronuclei assay in buccal cells 

to prove that a high frequency of micronuclei in buccal 

cells was a predictive factor for oral cancer in smokers. 

Since then, numerous biomonitoring studies using the 

cytome assay in buccal mucosa cells have investigated 

the impact of various factors, including environmental 

and occupational exposures, radiotherapy, 

chemoprevention, vitamin supplementation trials, and 

lifestyle choices [8]. 

AIM OF THE STUDY 

The present study aimed to evaluate genomic 

damage in addicted males to predict potential cancer 

risk. Genomic damage was assessed by measuring 

micronuclei and binucleated cells in exfoliated buccal 

mucosa using the BMCyt assay. Additionally, urinary 

levels of 8-OHdG were measured as a biomarker of 

DNA oxidative damage. 

MATERIALS AND METHODS 

Subjects 

Forty-two male Iraqi patients, diagnosed with 

methamphetamine addiction by a psychiatric 

professional, participated in the current study. These 

patients were admitted to Al-Ataa Hospital for 

Addiction Treatment in Baghdad, Iraq, and ranged in 
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age from 16 to 46 years. The control group consisted of 

24 healthy volunteers.  

Sample and data collection 

Buccal and urine samples were obtained only after 

participants provided informed consent and upon 

approval from the Ethics Committee in the College of 

Science, Mustansiriyah University, Baghdad, Iraq. All 

urine samples were collected using polypropylene tubes, 

aliquoted, and kept at 80°C immediately. Also, 

information, such as age, marital status, smoking habit, 

alcohol consumption, diagnostic X-rays, chemical 

exposure during the occupation, family history of 

cancer, and medical and residential history, was 

rigorously collected using a comprehensive 

questionnaire. The body mass index (BMI) was 

meticulously evaluated using the formula: weight (in 

kilograms) divided by the square of height (in meters) 

(kg/m2) [9].  

Determination of 8-OHdG concentration  

The 8-OHdG concentration in human urine was 

determined using an enzyme-linked immunosorbent 

assay (ELISA) kit provided by My Biosource, Canada. 

The measurement procedure was performed following 

the kit manufacturer’s instructions (Catalogue: 

MBS764814, MyBioSource) and based on the 

principles outlined by Tolbert et al. [10] and Sarto et al. 

[11].  

Buccal micronucleus cytome assay 

Buccal cells were collected from all participants for 

the BMCyt assay. Initially, each individual was 

instructed to rinse their mouths thoroughly with tap 

water to remove any excess debris. Exfoliated buccal 

epithelial cells were then collected from the cheeks 

using a sterile soft toothbrush and spread onto clean 

glass slides. For each subject, double slides of buccal 

cells were prepared. Exfoliated buccal cells were 

examined using a light microscope (Kruss, Germin). 

RESULTS 

Table 1 shows the characteristics of the study 

participants (the patient and control groups). There are 

significant age differences between the groups, with a 

mean age of 25.119 ± 6.73 years in the patient group 

and 23.917 ± 6.554 years in the control group (p < 

0.05). Body mass index values were significantly 

different between the control and patient groups (p < 

0.001), with the control group showing higher values 

(20.85 ± 2.22) compared to the patient group (19.877 ± 

2.3). The patient group exhibited a higher concentration 

of 8-OHdG (1132.531 ± 3103.981 ng/ml) compared to 

the control group. The statistical analysis showed a 

significant positive association between levels of 8-

OHdG and age (r = 0.442, p < 0.01) in the patient group. 

There was also a moderate correlation between the level 

of 8-OHdG and BMI (r = 0.391, p < 0.01). 

Table 1. Characteristics of study population 

Parameter Patient (n = 42) Control (n = 24) 

Age (years) 25.119 ± 6.73 6.554 ± 23.917 ٭٭ 

Body mass index (kg/m2) 19.877 ± 2.3 2.22 ± 20.850 ٭٭ 

8-hydroxydeoxyguanosine (ng/Ml) 1132.531 ± 3103.98 2.952 ± 6.334 ٭٭ 

Values are presented as mean + standard deviation; ٭ – p < 0.05; ٭٭ –  p < 0.001 

 

The frequency of the micronucleus (MN) in the 

epithelial cells of the patients was significantly higher 

than in the control group (p < 0.001), as shown in Table 

2. The mean value of the MN in the patient group was 

(27.89 ± 11.78), while the mean value of MN in the 

control group was (9.33 ± 4.49). Moreover, the number 

of binucleated cells in the patient group was 3.92 ± 

1.23, which was significantly different (p = 0.05) 

compared to the frequency of binucleated cells in the 

control group (4.67 ± 4.23). 

Table 2. Micronuclei and binucleated cells in buccal cells of patients and controls  

Nuclear characteristics Patient (n = 42) Control (n = 24) 

Micronuclei  27.89 ± 11.78 9.33 ± 4.49 ٭٭ 

Binucleated cells  3.92 ± 1.23 4.67 ± 4.23 ٭ 

Values are presented as mean + standard deviation; ٭: p < 0.05; ٭٭: p < 0.001 

DISCUSSION  

To the best of our knowledge, the current study is 

the first to explore the correlation between genomic 

instability and methamphetamine abuse in Iraq. 

Methamphetamine was evaluated for its potential 

genotoxic properties by measuring its 8-OHdG 
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concentration. The findings of this study indicated that 

addicted males had elevated levels of 8-OHdG. Several 

key processes contribute to DNA oxidation by 

methamphetamine. First, methamphetamine and its 

metabolites can induce reactive oxygen species (ROS), 

such as hydrogen peroxide and superoxide anion, 

through several mechanisms, including cytochrome 

P450-mediated metabolism and mitochondrial 

dysfunction. These ROS can bind with DNA bases, 

leading to oxidative damage [12, 13]. Increased ROS 

production overwhelms cellular antioxidant defense 

mechanisms, resulting in oxidative stress. The 

consequence of this imbalance between ROS generation 

and antioxidant capacity is the promotion of DNA 

oxidation, particularly damaging nitrogenous bases such 

as guanine, leading to the formation of 8-oxo-dG. 

Studies have shown that methamphetamine treatment 

leads to oxidized purines in FPG-sensitive DNA sites 

and oxidized pyrimidines in ENDO III-sensitive DNA 

sites. As a result of these lesion-specific enzymes, 

oxidized DNA bases are targeted and cleaved directly, 

providing direct evidence of DNA oxidation by 

methamphetamine [14]. The oxidative DNA damage 

caused by methamphetamine can trigger DNA repair 

pathways, including base excision repair (BER) and 

nucleotide excision repair (NER), to eliminate and 

replace damaged DNA. However, chronic or excessive 

exposure to methamphetamine can overload these repair 

mechanisms, leading to persistent DNA damage and 

potentially increasing the risk of mutagenesis. This may 

ultimately contribute to carcinogenesis and other 

adverse health effects associated with 

methamphetamine [15, 16]. 

Methamphetamine addiction leads to elevated levels 

of dopamine, which results in rewarding effects. 

Dopamine auto-oxidizes rapidly and produces free 

radicals, including hydrogen peroxide, hydroxyl 

radicals, superoxide, and quinones. Moreover, 

additional dopamine is converted through monoamine 

oxidase into dihydroxyphenyl acetic acid with hydrogen 

peroxide as a by-product. Further progression of 

oxidative damage occurs when hydrogen peroxide 

interacts with metal ions to create highly reactive 

hydroxyl radicals. Methamphetamine exposure also 

elevates both synaptic and circulating catecholamine 

levels, which may partly explain the increase in 

oxidative stress. Diet and cell death have minimal 

effects on extracellular levels [17]. 8-OHdG serves as a 

responsive biomarker of ROS-induced genomic damage 

in vivo. Elevated blood levels of 8-OHdG have been 

assessed in various physical and neuropsychiatric 

diseases, including Parkinson's disease, diabetes, and 

alcohol dependence [18]. Methamphetamine-dependent 

patients also had significantly lower BMI, which is 

consistent with previous literature. Furthermore, several 

studies suggest that methamphetamine contributes to a 

lower BMI. This can be explained by several factors: 

First, methamphetamine-dependent individuals often 

experience cognitive deficits and irregular metabolic 

activity, which negatively impact their nutritional status. 

Additionally, methamphetamine use leads to significant 

deterioration in oral health, resulting in difficulties with 

chewing and poor digestion [12, 19]. 

Based on the findings of the present study, elevated 

levels of 8-OHdG have been linked to increased BMI. 

This finding aligns with the growing body of literature 

demonstrating that obesity, increased oxidative stress, 

and the accumulation of oxidative DNA lesions, such as 

8-OHdG, are interconnected [20-22]. The increased 

concentration of 8-OHdG detected in individuals with 

higher BMI may be a mechanism by which obesity 

elevates the risk of certain diseases, including cancer, 

that are driven by oxidative stress and DNA damage 

[23]. An excess of adipose tissue, particularly visceral 

fat, contributes significantly to the production of 

proinflammatory cytokines and adipokines. As a result 

of these inflammatory mediators, ROS can be produced 

by various cellular sources, including mitochondria, 

peroxisomes, and NADPH oxidases [24]. Furthermore, 

additional fat accumulation disturbs the typical 

functioning of the mitochondria, resulting in increased 

production of ROS [25]. The positive correlation 

between patient age and increased biomarkers of DNA 

oxidation detected in the present study is consistent with 

the findings of previous studies [26, 27]. The increase in 

8-oxoG with age results from an imbalance between the 

generation of ROS and the cellular repair mechanisms' 

ability to remove these oxidative DNA lesions. 

According to previous studies, cells have displayed 

deficient DNA repair abilities, leading to amplified rates 

of genomic instability [27].  

Induction of elevated levels of 8-OHdG in patients 

reflects genomic damage. Additionally, the increased 

frequency of MN in buccal cells indicates persistent 

mutations at the chromosomal level. Methamphetamine 

is a widely abused psychomotor stimulant. While 

numerous research have tested the neurotoxicity of 

Methamphetamine, the studies involving the estimation 

of   genotoxic effects of  methamphetamine are very 

scarce. In 2003 Li, et al [28] detected  the genotoxicity 

of Methamphetamine in Methamphetamine abusers and 

in vitro his study demonstrated that  Methamphetamine 

increased the frequency of sister chromatid exchange 

(SCE) and micronuclei, in CHO-K1 cells ( Chinese 

hamster ovary K1  cells). Moreover, he concluded that  

the  genotoxic effects of Methamphetamine were 

reduced in the submitted  of rat liver S9, demonstrating 

that the metabolites of Methamphetamine were not 
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genotoxic and genotoxic effect  result from 

Methamphetamine. Furthermore, utilized antioxidant 

material that attracted  reactive oxygen species (ROS) 

repressed formation micronuclei  in CHO-K1 cells. 

Additional study with long-term Methamphetamine 

abusers revealed that  the percentages of SCE and 

micronucleus in cultured lymphocytes were associated 

with Methamphetamine exposure. He concluded that 

Methamphetamine is a genotoxic agent and the ROS 

have essential  role in Methamphetamine-induced 

genotoxicity. 

The findings of the current study are consistent with 

previous studies that demonstrate that 

Methamphetamine induces genomic damage in buccal 

cells and human-derived liver cells, including 

micronuclei formation, DNA single-strand breaks, and 

apurinic sites [12]. A significant increase in binucleated 

cells in the control group suggests that these individuals 

possess a proficient genomic repair system, which 

inhibits the proliferation of cells containing abnormal 

chromosomal numbers. Cytokinetic represents the final 

stage of cell division, and defects in this process are 

believed to contribute to carcinogenesis by leading to 

tetraploidy. Aneuploid cells can arise from unbalanced 

tetraploid intermediates. Cells exhibit multiple 

mechanisms to inhibit the survival and proliferation of 

those with extensive chromosomal changes. For 

example, cytokinetic is suppressed in cells with 

abnormal chromosomal numbers by the Aurora B-

controlled checkpoint, which prevents furrow regression 

[29, 30]. 

CONCLUSIONS  

The current study offers original  findings on the 

effect of methamphetamine abuse on genomic 

instability, as demonstrated in an Iraqi cohort. 

Significant variances were detected between patients’ 

group, involving methamphetamine users, and control 

group in some marker of genomic instability including 

micronuclei in exfoliated buccal mucosa using the 

BMCyt assay. 

Additionally, urinary levels of 8-OHdG were 

measured as a biomarker of DNA oxidative damage. 

This directs a higher frequency of chromosomal 

abnormalities mitotic distraction among 

methamphetamine users, supporting the link between 

methamphetamine abuse and elevated genomic 

instability which is an identified risk factor for the 

development of cancer. 

PROSPECTS FOR FUTURE RESEARCH  

Further research is warranted to elucidate the mechanistic pathways linking addiction, genomic damage, oxidative 

stress, and the accumulation of 8-OHdG, as well as to explore how genetic and epigenetic factors may influence an 

individual's susceptibility to the combined effects of addiction and oxidative stress. 

AUTHOR CONTRIBUTIONS  

FS and HG: sample collection and analysis, data collection, statistical analysis, and manuscript writing. LR and NJ: 

conceptualization of the research, research design, and manuscript proofreading. 

FUNDING  

The authors did not receive financial support from any organization to conduct the study.  

CONFLICT OF INTEREST  

The authors declare no conflict of interest. 

ACKNOWLEDGEMENTS 

Author thanks to College of Science, Mustansiriyah University, Iraq and College of Science, Al-Nahrain University, 

Iraq  for their help to complete this research. 

 

ETHICAL STATEMENT  

Ethical approval was obtained from Ethics Committee at College of Science, Mustansiriyah University (No. 

BCSMU/0124/0057Z, dated June 15, 2024).

 

REFERENCES 

1. Al-Hakeim HK, Altufaili MF, Alhaideri AF, Almulla 

AF, Moustafa SR, Maes M. Increased AGE-RAGE 

axis stress in methamphetamine (MA) abuse and 

MA-induced psychosis: associations with oxidative 

stress and increased atherogenicity. medRxiv. 

738

                                         

                                          



Eastern Ukrainian Medical Journal. 2025;13(3):734-740
 

 

2023:2023.01.21.23284873. 

https://doi.org/10.1101/2023.01.21.23284873 

2. Miller DR, Bu M, Gopinath A, Martinez LR, 

Khoshbouei H. Methamphetamine dysregulation of 

the central nervous system and peripheral immunity. 

J Pharmacol Exp Ther. 2021;379(3):372–85. 

https://doi.org/10.1124/jpet.121.000522 

3. Shafi FAA, Jabbar EAK, Yousif RM, Lafta FM. 

Effect of exercise, synthetic anabolic steroids and 

protein intake on DNA damage in trained and 

untrained men. Meta Gene. 2020;24:100685. 

https://doi.org/10.1016/j.mgene.2020.100685 

4. Gohil D, Sarker AH, Roy R. Base Excision Repair: 

Mechanisms and Impact in Biology, Disease, and 

Medicine. Int J Mol Sci. 2023 Sep 16;24(18):14186. 

https://doi.org/10.3390/ijms241814186.   

5. Lantwin P, Kaczorowski A, Nientiedt C, Schwab C, 

Kirchner M, Schütz V, et al. Deficiency in DNA 

damage repair proteins promotes prostate cancer cell 

migration through oxidative stress. Onco. 

2024;4(2):56–67. 

https://doi.org/10.3390/onco4020007 

6. Panico A, Grassi T, Bagordo F, Idolo A, Serio F, 

Tumolo MR, De Giorgi M, Guido M, Tutino M, De 

Donno A. Micronucleus Frequency in Exfoliated 

Buccal Cells of Children Living in an Industrialized 

Area of Apulia (Italy). Int J Environ Res Public 

Health. 2020 Feb 13;17(4):1208. 

https://doi.org/10.3390/ijerph17041208.   

7. Alpire MES, Souza DV, Masutti CMDCB, Caseiro 

MM, Ribeiro DA. Cytogenetic changes in oral 

mucosa cells from individuals submitted to oral 

human immunodeficiency virus pre-exposure 

prophylaxis use. Rev Assoc Med Bras (1992). 2023 

Nov 13;69(12):e20230961. 

https://doi.org/10.1590/1806-9282.20230961.   

8. Khlifi R, Trabelsi-Ksibi F, Chakroun A, Rebai A, 

Hamza-Chaffai A. Cytogenetic abnormality in 

exfoliated cells of buccal mucosa in head and neck 

cancer patients in the Tunisian population: impact of 

different exposure sources. Biomed Res Int. 

2013;2013(1):905252. 

https://doi.org/10.1155/2013/905252 

9. Al AS, Shafi FA. In vitro Radio Protective Effects of 

Metformin on Human Lymphocytes Irradiated with 

Gamma Rays. Iraqi Journal of Science. 

2023;64(8):3812-

21https://ijs.uobaghdad.edu.iq/index.php/eijs/article/v

iew/7416. 

10. Khanna D, Peltzer C, Kahar P, Parmar MS. Body 

Mass Index (BMI): A Screening Tool Analysis. 

Cureus. 2022 Feb 11;14(2):e22119. 

https://doi.org/10.7759/cureus.22119.  

11. Tolbert PE, Shy CM, Allen JW. Micronuclei and 

other nuclear anomalies in buccal smears: methods 

development. Mutat Res Environ Mutagen Relat 

Subj. 1992;271(1):69–77. 

https://doi.org/10.1016/0165-1161(92)90033-I 

12. Sarto F, Finotto S, Giacomelli L, Mazzotti D, 

Tomanin R, Levis A. The micronucleus assay in 

exfoliated cells of the human buccal mucosa. 

Mutagenesis. 1987;2(1):11–7. 

https://doi.org/10.1093/mutage/2.1.11 

13. Hajam YA, Rani R, Ganie SY, Sheikh TA, Javaid D, 

Qadri SS, Pramodh S, Alsulimani A, Alkhanani MF, 

Harakeh S, Hussain A, Haque S, Reshi MS. 

Oxidative Stress in Human Pathology and Aging: 

Molecular Mechanisms and Perspectives. Cells. 2022 

Feb 5;11(3):552. 

https://doi.org/10.3390/cells11030552   

14. Hong Y, Boiti A, Vallone D, Foulkes NS. Reactive 

oxygen species signaling and oxidative stress: 

transcriptional regulation and evolution. Antioxidants. 

2024;13(3):312. 

https://doi.org/10.3390/antiox13030312 

15. Liu M, Si Z. An update: epigenetic mechanisms 

underlying methamphetamine addiction. Front Cell 

Dev Biol. 2024 Nov 22;12:1494557. 

https://doi.org/10.3389/fcell.2024.1494557.  

16. Si Z, Yang G, Wang X, Yu Z, Pang Q, Zhang S, Qian 

L, Ruan Y, Huang J, Yu L. An unconventional 

cancer-promoting function of methamphetamine in 

hepatocellular carcinoma. Life Sci Alliance. 2023 Jan 

20;6(3):e202201660. 

https://doi.org/10.26508/lsa.202201660.  

17. Gu Y-h, Wang Y, Bai Y, Liu M, Wang H-l. 

Endoplasmic reticulum stress and apoptosis via 

PERK-eIF2α-CHOP signaling in the 

methamphetamine-induced chronic pulmonary injury. 

Environ Toxicol Pharmacol. 2017;49:194–201. 

https://doi.org/10.1016/j.etap.2016.12.010 

18. Shabkhizan R, Haiaty S, Moslehian MS, Bazmani A, 

Sadeghsoltani F, Saghaei Bagheri H, Rahbarghazi R, 

Sakhinia E. The Beneficial and Adverse Effects of 

Autophagic Response to Caloric Restriction and 

Fasting. Adv Nutr. 2023 Sep;14(5):1211-1225. 

https://doi.org/10.1016/j.advnut.2023.07.006.  

19. Huang M-C, Lai Y-C, Lin S-K, Chen C-H. Increased 

blood 8-hydroxy-2-deoxyguanosine levels in 

methamphetamine users during early abstinence. Am 

J Drug Alcohol Abuse. 2018;44(3):395–402. 

https://doi.org/10.1080/00952990.2018.1450981 

20. Alqarni H, Aldghim A, Alkahtani R, Alshahrani N, 

Altoman MS, Alfaifi MA, Helmi M, Alzaid AA. 

Crystal methamphetamine and its effects on mental 

and oral health: A narrative review. Saudi Dent J. 

2024 May;36(5):665-673. 

https://doi.org/10.1016/j.sdentj.2024.02.011.   

21. Liew JW, Gianfrancesco MA, Heckbert SR, Gensler 

LS. Relationship between body mass index, disease 

activity, and exercise in ankylosing spondylitis. 

Arthritis Care Res. 2022;74(8):1287–93. 

https://doi.org/10.1002/acr.24789 

22. Nanri H, Hara M, Nishida Y, Shimanoe C, Li Y-S, 

Kasai H, et al. The association between oxidative 

balance score and urinary levels of 8-

hydroxydeoxyguanosine among Japanese adults. 

Nutrients. 2023;15(21):4533. 

https://doi.org/10.3390/nu15214533 

739

                                         

                                          

https://doi.org/10.1101/2023.01.21.23284873
https://doi.org/10.1124/jpet.121.000522
https://doi.org/10.1016/j.mgene.2020.100685
https://doi.org/10.3390/ijms241814186
https://doi.org/10.3390/onco4020007
https://doi.org/10.3390/ijerph17041208
https://doi.org/10.1590/1806-9282.20230961
https://doi.org/10.1155/2013/905252
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/7416
https://ijs.uobaghdad.edu.iq/index.php/eijs/article/view/7416
https://doi.org/10.7759/cureus.22119
https://doi.org/10.1016/0165-1161(92)90033-I
https://doi.org/10.1093/mutage/2.1.11
https://doi.org/10.3390/cells11030552
https://doi.org/10.3390/antiox13030312
https://doi.org/10.3389/fcell.2024.1494557
https://doi.org/10.26508/lsa.202201660
https://doi.org/10.1016/j.etap.2016.12.010
https://doi.org/10.1016/j.advnut.2023.07.006
https://doi.org/10.1080/00952990.2018.1450981
https://doi.org/10.1016/j.sdentj.2024.02.011
https://doi.org/10.1002/acr.24789
https://doi.org/10.3390/nu15214533


Eastern Ukrainian Medical Journal. 2025;13(3):734-740
 

 

23. Goriuc A, Cojocaru K-A, Luchian I, Ursu R-G, 

Butnaru O, Foia L. Using 8-hydroxy-2′-

deoxiguanosine (8-OHdG) as a reliable biomarker for 

assessing periodontal disease associated with 

diabetes. Int J Mol Sci. 2024;25(3):1425. 

https://doi.org/10.3390/ijms25031425 

24. Jovanović M, Kovačević S, Brkljačić J, Djordjevic A. 

Oxidative stress linking obesity and cancer: is obesity 

a ‘radical trigger’ to cancer? Int J Mol Sci. 

2023;24(9):8452. 

https://doi.org/10.3390/ijms24098452 

25. de Almeida AJPO, de Oliveira JCPL, da Silva Pontes 

LV, de Souza Júnior JF, Gonçalves TAF, Dantas SH, 

de Almeida Feitosa MS, Silva AO, de Medeiros IA. 

ROS: Basic Concepts, Sources, Cellular Signaling, 

and its Implications in Aging Pathways. Oxid Med 

Cell Longev. 2022 Oct 19;2022:1225578. 

https://doi.org/10.1155/2022/1225578.   

26. Guerbette T, Rioux V, Bostoën M, Ciesielski V, 

Coppens-Exandier H, Buraud M, Lan A, Boudry G. 

Saturated fatty acids differently affect mitochondrial 

function and the intestinal epithelial barrier 

depending on their chain length in the in vitro model 

of IPEC-J2 enterocytes. Front Cell Dev Biol. 2024 

Feb 1;12:1266842. 

https://doi.org/10.3389/fcell.2024.1266842.  

27. Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-

Morte D, Gargiulo G, Testa G, Cacciatore F, 

Bonaduce D, Abete P. Oxidative stress, aging, and 

diseases. Clin Interv Aging. 2018 Apr 26;13:757-772. 

https://doi.org/10.2147/CIA.S158513 

28. Li, J.-H., Hu, H.-C., Chen, W.-B. and Lin, S.-K. 

(2003), Genetic toxicity of methamphetamine in vitro 

and in human abusers. Environ. Mol. Mutagen., 42: 

233-242. https://doi.org/10.1002/em.10198  

29. Draxler A, Blaschke A, Binar J, Weber M, Haslacher 

M, Bartak V, Bragagna L, Mare G, Maqboul L, 

Klapp R, Herzog T, Széll M, Petrera A, Laky B, 

Wagner KH, Thell R. Age-related influence on DNA 

damage, proteomic inflammatory markers and 

oxidative stress in hospitalized COVID-19 patients 

compared to healthy controls. Redox Biol. 2023 

Nov;67:102914. 

https://doi.org/10.1016/j.redox.2023.102914.  

30. Petsalaki E, Zachos G. The Abscission Checkpoint: 

A Guardian of Chromosomal Stability. Cells. 2021 

Nov 29;10(12):3350. 

https://doi.org/10.3390/cells10123350.  

31. Sagona AP, Stenmark H. Cytokinesis and cancer. 

FEBS Lett. 2010;584(12):2652-61. 

https://doi.org/10.1016/j.febslet.2010.03.044 

 

Received 17.03.2025 

 

Accepted 17.05.2025 

ІNFORMATION ABOUT THE AUTHORS  

Farha A Ali Shafi (the corresponding author), szfs@uomustansiriyah.edu.iq, ORCID ID: 0000-0003-3317-8457 

Department of Biology, College of Science, Mustansiriyah University, Baghdad, Iraq.  

Hanan Faisal Ghazi, hanan.faisal.G@uomustansiriyah.edu.iq; ORCID ID: 0000-0002-3424-3014, Department of 

Biology, College of Science, Mustansiriyah University, Baghdad, Iraq.  

Lana Nazar Abdul-Razzaq, Nazarlana225@gmail.com; ORCID ID: 0000-0002-7812-2732, Ministry of Education, 

Educational Rusafa Directorate 1, Bagdad Iraq.  

Noor Dheyaa Jaafar, noor.d.Jaafar@nahrainuniv.edu.iq; ORCID ID: 0009-0002-8361-1511, Department of Applied 

Medical Analysis, College of Science, Al-Nahrain University, Iraq. 

 

740

                                         

                                          

https://doi.org/10.3390/ijms25031425
https://doi.org/10.3390/ijms24098452
https://doi.org/10.1155/2022/1225578
https://doi.org/10.3389/fcell.2024.1266842
https://doi.org/10.2147/CIA.S158513
https://doi.org/10.1002/em.10198
https://doi.org/10.1016/j.redox.2023.102914
https://doi.org/10.3390/cells10123350
https://doi.org/10.1016/j.febslet.2010.03.044
mailto:szfs@uomustansiriyah.edu.iq
mailto:hanan.faisal.G@uomustansiriyah.edu.iq
mailto:Nazarlana225@gmail.com
mailto:noor.d.Jaafar@nahrainuniv.edu.iq

