DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

References

Ahmad, I.M., Abdalla, M.Y., Moore, T.A., Bartenhagen, L., Case, A.J., Zimmerman,
M.C., 2019. Healthcare workers occupationally exposed to ionizing radiation
exhibit altered levels of inflammatory cytokines and redox parameters.
Antioxidants (Basel). 1:12

Al-aubaidy, H.A., Jelinek, H.F., 2011. Oxidative DNA damage and obesity in type 2
diabetes mellitus. Eur. J. Endocrinol. 164: 899-904

Alhasan, M., Abdelrahman, M., Alewaidat, H., Khader, Y., 2015. Medical radiation
knowledge among patients in local hospitals. J. Med. Imaging Radiat. Sci. 46: 45—
49

Andreassi, M.G., Botto, N., Cocci, F., Battaglia, D., Antonioli, E., Masetti, S.,
Manfredi, S., Colombo, M.G., Biagini, A., Clerico, A., 2003.
Methylenetetrahydrofolate reductase gene C677T polymorphism, homocysteine,
vitamin B12, and DNA damage in coronary artery disease.
Hum. Genet. 112: 171-177

Andreassi, M.G., Cioppa, A., Manfredi, S., Palmieri, C., Botto, N., Picano, E., 2007.
Acute chromosomal DNA damage in human lymphocytes after radiation exposure
in invasive cardiovascular procedures. Eur. Heart J. 28: 2195-2199

Andreoli, R., Manini, P., De Palma, G., Alinovi, R., Goldoni, M., Niessen, W.M.A.,
Mutti, A., 2010. Quantitative determination of urinary 8-oxo-7,8-dihydro-2’-
deoxyguanosine, 8-0xo0-7,8-dihydroguanine, 8-o0xo0-7,8-dihydroguanosine, and
their non-oxidized forms: daily concentration profile in healthy volunteers.
Biomarkers Biochem. Indic. Expo. response, susceptibility to Chem. 15: 221—
231

Australian Radiation Protection and Nuclear Safety Agency, 2017. What is ionising
radiation?. Retrived from https://www.arpansa.gov.au/understandingradiation
/what-is-radiation/ionising-radiation

Azadbakht, O., Dehghani, S.L., shafiee, mohsen, scandarkolaei, P. faghani, asadi, A.,
arshadi, M., mohammadjani, S., hosseini, P., Dehnavi, Z., 2020. Medical imaging
tests: Assessment of staffs and students’ knowledge about radiation protection and
risks and dose levels. BMC Medical Informatics and Decision Making. 1-20

Azzam, E.l., Jay-Gerin, J.P., Pain, D., 2012. lonizing radiation-induced metabolic
oxidative stress and prolonged cell injury. Cancer Lett. 327: 48-60.

Badawy, M.K., Deb, P., Chan, R., Farouque, O., 2016. A Review of Radiation
Protection Solutions for the Staff in the Cardiac Catheterisation Laboratory. Hear.
Lung Circ. 25: 961-967



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Barregard, L., Mgller, P., Henriksen, T., Mistry, V., Koppen, G., Rossner, P.J., Sram,
R.J., Weimann, A., Poulsen, H.E., Nataf, R., Andreoli, R., Manini, P., Marczylo,
T., Lam, P., Evans, M.D., Kasai, H., Kawai, K., Li, Y.-S., Sakai, K., Singh, R.,
Teichert, F., Farmer, P.B., Rozalski, R., Gackowski, D., Siomek, A., Saez, G.T.,
Cerda, C., Broberg, K., Lindh, C., Hossain, M.B., Haghdoost, S., Hu, C.-W.,
Chao, M.-R., Wu, K.-Y., Orhan, H., Senduran, N., Smith, R.J., Santella, R.M., Su,
Y., Cortez, C., Yeh, S., Olinski, R., Loft, S., Cooke, M.S., 2013. Human and
methodological sources of variability in the measurement of urinary 8-o0xo-7,8-
dihydro-2’-deoxyguanosine. Antioxid. Redox Signal. 18: 2377-2391

Barrow, J.M., Khandhar, P.B., 2020. Research Ethics - StatPearls - NCBI Bookshelf.
Retrived from URL https://www.ncbi.nlm.nih.gov/books/NBK459281/

Bergtold, D.S., Berg, C.D., Simic, M.G., 1990. Urinary biomarkers in radiation therapy
of cancer. Adv. Exp. Med. Biol. 264: 311-316.

Bianchini, F., Jaeckel, A., Vineis, P., Martinez-garcia, C., Kappel, A. Van, Boeing, H.,
Ohshima, H., Riboli, E., Kaaks, R., 2001. Inverse correlation between alcohol
consumption and lymphocyte levels of 8- hydroxydeoxyguanosine in humans
Inverse correlation between alcohol consumption and lymphocyte levels of 8-
hydroxydeoxyguanosine in humans. Carcinogenesis.22:885-90

Biso, S.M.R., Vidovich, M.I., 2020. Radiation protection in the cardiac catheterization
laboratory. J. Thorac. Dis. 12: 1648-1655

Bolner, A., Pilleri, M., De Riva, V., Nordera, G.P., 2011. Plasma and urinary HPLC-
ED determination of the ratio of 8-OHdG/2-dG in parkinson’s disease. Clin. Lab.
57: 859-866.

Brea, D., Roquer, J., Serena, J., Segura, T., Castillo, J., 2012. Oxidative stress markers
are associated to vascular recurrence in non-cardioembolic stroke patients non-
treated with statins. BMC Neurol. 3; 12:65

Buytaert, D., Eloot, L., Mauti, M., Drieghe, B., Gheeraert, P., Taeymans, Y., Bacher,
K., 2018. Evaluation of patient and staff exposure with state of the art X-ray
technology in cardiac catheterization: A randomized controlled trial. J. Interv.
Cardiol. 31: 807-814

Centers for Disease Control and Prevention, 2015. Radiation Studies - CDC: Non-
lonizing Radiation. Retrived from https://research.csu.edu.au/integrity-ethics-
compliance/radiation/formstemplates-proformas/radiation-life/background

Chen, L., Bowen, P.E., Berzy, D., Aryee, F., Stacewicz-Sapuntzakis, M., Riley, R.E.,
1999. Diet modification affects DNA oxidative damage in healthy humans. Free
Radic. Biol. Med. 26: 695-703

Cooke, M.S., Evans, M.D., Herbert, K.E., Lunec, J., 2000. Urinary 8-oxo0-2’-



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

deoxyguanosine--source, significance and supplements. Free Radic. Res. 32:
381-397

Drury, J.A., Jeffers, G., Cooke, R.W.1., 1998. Urinary 8-hydroxydeoxyguanosine in
infants and children. Free Radic. Res. 28: 423-428

Duran, A., Hian, S.K., Miller, D.L., Heron, J. Le, Padovani, R., Vano, E., 2013. A
summary of recommendations for occupational radiation protection in
interventional cardiology. Catheter. Cardiovasc. Interv. 81: 562-567

Einstein, A.J., Knuuti, J., 2012. Cardiac imaging : does radiation matter ? Eur. Heart
J. 33: 573-578

El-Benhawy, S.A., Sadek, N.A., Behery, AK. lIssa, N.M., Ali, O.K., 2016.
Chromosomal aberrations and oxidative DNA adduct 8-hydroxy-2-
deoxyguanosine as biomarkers of radiotoxicity in radiation workers. J. Radiat.
Res. Appl. Sci. 9: 249-258

Erhola, M., Toyokuni, S., Okada, K., Tanaka, T., Hiai, H., 1997. Biomarker evidence
of DNA oxidation in lung cancer patients : association of urinary 8-hydroxy-2 ’ -
deoxyguanosine excretion with radiotherapy , chemotherapy , and response to
treatment. FEBS Lett, 409: 287-291

Faggioni, L., Paolicchi, F., Bastiani, L., Guido, D., Caramella, D., 2017. Awareness of
radiation protection and dose levels of imaging procedures among medical
students, radiography students, and radiology residents at an academic hospital:
Results of a comprehensive survey. Eur. J. Radiol. 86: 135-142

Fardid, R., Mirzadeh, F., Rezaei, H., 2017. Occupational doses of cardiologists in cath
labs and simulation method. J. Cancer Res. Ther. 13: 901-907

Field, R.W., Withers, B.L., 2012. Occupational and Environmental Causes of Lung
Cancer. Clin. Chest Med. 33: 681-703

Foffa, 1., Cresci, M., Andreassi, M.G., 2009. Health risk and biological effects of
cardiac ionising imaging: From epidemiology to genes. Int. J. Environ. Res.
Public Health. 6: 1882-1893

Gao, L., 2011. ROS-induced DNA adducts in the rodents after exposure to superfund
hazardous chemicals. PhD thesis, University of North Carolina, Carolina

Gao, Y., Wang, P., Wang, Z., Han, L., Li, J., Tian, C., Zhao, Fengling, Wang, J., Zhao,
Fang, Zhang, Q., Lyu, Y., 2019. Serum 8-Hydroxy-2'-Deoxyguanosine Level as
a Potential Biomarker of Oxidative DNA Damage Induced by lonizing Radiation
in Human Peripheral Blood. Dose-Response. 17(1)

Gerber, T.C., Jeffrey Carr, J., Arai, A.E., Dixon, R.L., Ferrari, V.A., Gomes, A.S.,
Heller, G. V., McCollough, C.H., McNitt-Gray, M.F., Mettler, F.A., Mieres, J.H.,
Morin, R.L., Tester, M. V., 2009. lonizing radiation in cardiac imaging: A science



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

advisory from the American Heart Association Committee on cardiac imaging of
the council on clinical cardiology and committee on cardiovascular imaging and
intervention of the council on cardiovascular radi. Circulation.119: 1056-1065

Global Advocacy for HIV Prevention, 2011. Principles of research ethics. Retrived
from https://www.avac.org/principles-research-ethics.

Gorbunova, V., Seluanov, A., Mao, Z., Hine, C., 2007. Changes in DNA repair during
aging. Nucleic Acids Res. 35(22):7466-7474

Graille, M., Wild, P., Sauvain, J.J., Hemmendinger, M., Canu, 1.G., Hopf, N.B., 2020.
Urinary 8-OHDG as a biomarker for oxidative stress: A systematic literature
review and meta-analysis. Int. J. Mol. Sci. 21: 1-24

Guo, C., Li, X,, Wang, R., Yu, J,, Ye, M., Mao, L., Zhang, S., Zheng, S., 2016.
Association between Oxidative DNA Damage and Risk of Colorectal Cancer:
Sensitive Determination of Urinary 8-Hydroxy-2'-deoxyguanosine by UPLC-
MS/MS Analysis. Sci. Rep. 6:32581

Hallberg, L.M., Ward, J.B., Hernandez, C., Ameredes, B.T., Wickliffe, J.K., 2015. Part
3. Assessment of genotoxicity and oxidative damage in rats after chronic
exposure to new-technology diesel exhaust in the ACES bioassay. Res. Rep.
Health. Eff. Inst. (184):87-105

Halliwell, B., 2000. Why and how should we measure oxidative DNA damage in
nutritional studies? How far have we come? Am. J. Clin. Nutr. 72: 1082—-1087

Health Physics Society, 2016. What is radiation?. Retrived from
http://hps.org/publicinformation/ate/fags/whatisradiation.html

Hollstein, M., Shomer, B., Greenblatt, M., Soussi, T., Hovig, E., Montesano, R., Harris,
C.C., 1996. Somatic point mutations in the p53 gene of human tumors and cell
lines : updated compilation. Nucleic Acids Res. 24: 141-146

Holt, E.M., Steffen, L.M., Moran, A., Basu, S., Steinberger, J., Ross, A., Hong, C.,
Sinaiko, A.R., 2009. Fruit and vegetable consumption and its relation to markers
of inflammation and oxidative stress in adolescent. J Am Diet Assoc. 109(3):414-

421
International Atomic Energy Agency, 2018. Radiation protection in interventional
radiology: practical hints and tricks. Retrived from

https://www.iaea.org/sites/default/files/18/09/rpop-webinar-bosmans.pdf
Kada, S., 2017. Awareness and knowledge of radiation dose and associated risks
among final year medical students in Norway. Insights Imaging. 8(6):599-605
Kadhum, R.A., Aldrghi, W.A., 2019. Detection of XRCC1 expression and (8-OHdG)
levels as a marker of oxidative DNA damage in individuals exposed to low dose
of gamma rays. IOP Conf. Ser. Mater. Sci. Eng. 557. 012082



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Kamusella, P., Scheer, F., Lidtke, C.W., Wiggermann, P., Wissgott, C., Andresen, R.,
2017. Interventional angiography: Radiation protection for the examiner by using
lead-free gloves. J. Clin. Diagnostic Res. 11: 26-29

Kara, U., Akkurt, I., 2016. Radiation Exposure of Medical Staff in Interventional
Radiology. Int. Conf. Comput. Exp. Sci. Eng. 130: 404406

Karatzis, E.N., Danias, P.G., 2008. Exposure to lonizing Radiation From
Cardiovascular Imaging and Therapeutic Procedures May Be a Considerable
Unrecognized Risk for Subsequent Cancer Development. J Am Coll Radiol.
5(6):694-695

Kato, S., Yoshimura, K., Kimata, T., Mine, K., Uchiyama, T., Kaneko, K., 2015.
Urinary 8-Hydroxy-2’-Deoxyguanosine: A Biomarker for Radiation-Induced
Oxidative DNA Damage in Pediatric Cardiac Catheterization. J. Pediatr. 167:
1369-1374

Keaney, J.F.J., Larson, M.G., Vasan, R.S., Wilson, P.W.F., Lipinska, I., Corey, D.,
Massaro, J.M., Sutherland, P., Vita, J.A., Benjamin, E.J., 2003. Obesity and
systemic oxidative stress: clinical correlates of oxidative stress in  the
Framingham Study. Arterioscler. Thromb. Vasc. Biol. 23: 434-439

Kelly, F.J., 2003. Oxidative stress: Its role in air pollution and adverse health effects.
Occup. Environ. Med. 60: 612-616

Kim, J.Y., Yang, Y.J,, Yang, Y.K,, Oh, S., Hong, Y., Lee, E., Kwon, O., 2011. Diet
quality scores and oxidative stress in Korean adults. Eur J Clin Nutr.
65(12):1271-1278

Kiyosawa, H., Suko, M., Okudaira, H., Murata, K., Miyamoto, T., Chung, M.H., Kasali,
H., Nishimura, S., 1990. Cigarette smoking induces formation of 8-
hydroxydeoxyguanosine, one of the oxidative DNA damages in human peripheral
leukocytes. Free Radic. Res. Commun. 11: 23-27

Kobayashi, T., Hirshfeld, J.W., 2017. Radiation Exposure in Cardiac Catheterization:
Operator Behavior Matters. Circ. Cardiovasc. Interv. 10: 1-3

Konig, A.M., Etzel, R., Thomas, R.P., Mahnken, A.H., 2019. Personal Radiation
Protection and Corresponding Dosimetry in Interventional Radiology: An
Overview and Future Developments. RoFo Fortschritte auf dem Gebiet der
Rontgenstrahlen und der Bildgeb Verfahren. 191: 512-521

Konopka, T., Krél, K., Kope¢, W., Gerber, H., 2007. Total antioxidant status and 8-
hydroxy-2'-deoxyguanosine levels in gingival and peripheral blood of
periodontitis patients. Arch. Immunol. Ther. Exp. (Warsz). 55: 417-425

Krille, L., Hammer, G.P., Merzenich, H., Zeeb, H., 2010. Systematic review on
physician * s knowledge about radiation doses and radiation risks of computed



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

tomography. Eur. J. Radiol. 76: 36-41

Kroese, Lona J., Scheffer, P.G., 2014. 8-Hydroxy-2'-Deoxyguanosine and
Cardiovascular Disease: a Systematic Review. Curr. Atheroscler. Rep. 16(11):452

Krumholz, H.M., Wang, Y., Ross, J.S., Ting, H.H., Shah, N.D., Nasir, K., Nallamothu,
B.K., 2010. Cumulative Exposure to lonizing Radiation From Diagnostic and
Therapeutic Cardiac Imaging Procedures. J Am Coll Cardiol. 56(9):702-11

Lagorio, S., Tagesson, C., Forastiere, F., lavarone, I., Axelson, O., 1994. Exposure to
benzene and urinary concentrations of 8-hydroxydeoxyguanosine , a biological
marker of oxidative damage to DNA. Occup Environ Med. 51(11):739-743

Le Heron, J., Padovani, R., Smith, I., Czarwinski, R., 2010. Radiation protection of
medical staff. Eur. J. Radiol. 76: 20-23

Lee, R.K.L., Chu, W.C.W., Graham, C.A., Rainer, T.H., Ahuja, A.T., 2012.
Knowledge of radiation exposure in common radiological investigations: a
comparison between radiologists and non-radiologists. Emerg Med J. 29(4):306-
308

Li, Y.S., Song, M.F., Kasai, H., Kawali, K., 2013. Generation and threshold level of 8-
OHdG as oxidative DNA damage elicited by low dose ionizing radiation. Genes
Environ. 35: 88-92

Liguori, I., Russo, G., Curcio, F., Bulli, G., Aran, L., Della-Morte, D., Gargiulo, G.,
Testa, G., Cacciatore, F., Bonaduce, D., Abete, P., 2018. Oxidative stress, aging,
and diseases. Clin. Interv. Aging. 13: 757-772

Liu, H., Chen, I, Chiou, C., 2004. Variation of Urinary 8-Hydroxy-deoxyguanosine in
Patients during Radio-therapeutic Course. Retrived from
https://www.semanticscholar.org/paper/Variation-of-Urinary-8-Hydroxy-
deoxyguanosine-in-Liu-Chen/35638205¢73727610972¢16f4953fa903098hb2e5

Lobo, V., Patil, A., Phatak, A., Chandra, N., 2010. Free radicals, antioxidants and
functional foods: Impact on human health. Pharmacogn. Rev. 4: 118-126

Loft, S., Deng, X.S., Tuo, J., Wellejus, A., Serensen, M., Poulsen, H.E., 1998.
Experimental study of oxidative DNA damage. Free Radic. Res. 29: 525-539

Loft, S., Poulsen, H.E., 1996. Cancer risk and oxidative DNA damage in man. J. Mol.
Med. (Berl). 74: 297-312

Loft, S., Vistisen, K., Ewertz, M., Tjgnneland, A., Overvad, K., Poulsen, H.E., 1992.
Oxidative DNA damage estimated by 8-hydroxydeoxyguanosine excretion in
humans: influence of smoking, gender and body mass index. Carcinogenesis 13:

2241-2247
Malik, T.F., Tivakaran, V.S., 2018. Percutaneous transluminal coronary angioplasty.
Retrived from



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

https://www.researchgate.net/publication/329830634 Percutaneous_Translumin
al_Coronary_Angioplasty PTCA

MedlinePlus, 2020. Radiation Exposure. Retrived from
https://medlineplus.gov/radiationexposure.htmi

Meisinger, Q.C., Stahl, C.M., Andre, M.P., Kinney, T.B., Newton, 1.G., 2016.
Radiation protection for the fluoroscopy operator and staff. Am. J. Roentgenol.
207: 745-754

Mendes, B., Silva, P., Mendonga, I., Pereira, J., Camara, J.S., 2013. A new and fast
methodology to assess oxidative damage in cardiovascular diseases  risk
development through eVol-MEPS-UHPLC analysis of four urinary biomarkers.
Talanta. 116: 164-172

Menon, S.S., Uppal, M., Randhawa, S., Cheema, M.S., Aghdam, N., Usala, R.L.,
Ghosh, S.P., Cheema, A.K., Dritschilo, A., 2016. Radiation Metabolomics:
Current Status and Future Directions. Front. Oncol. 6: 1-10

Miller, D.L., Vaié, E., Bartal, G., Balter, S., Dixon, R., Padovani, R., Schueler, B.,
Cardella, J.F., De Baére, T., 2010. Occupational radiation protection in
interventional radiology: A joint guideline of the cardiovascular and
interventional radiology society of Europe and the society of interventional
radiology. Cardiovasc. Intervent. Radiol. 33: 230-239

Minno, A. Di, Turnu, L., Porro, B., Squellerio, 1., Cavalca, V., Tremoli, E., Nicola, M.,
Di, D., 2016. 8-Hydroxy-2-Deoxyguanosine Levels and Cardiovascular Disease :
A Systematic Review and Meta-Analysis. Antioxid Redox Signal. 24(10):548-555

Mizoue, T., Tokunaga, S., Kasai, H., Kawai, K., Sato, M., Kubo, T., 2007a. Body mass
index and oxidative DNA damage: a longitudinal study. Cancer Sci. 98: 1254—
1258

Mizoue, T., Tokunaga, S., Kasai, H., Kawali, K., Sato, M., Kubo, T., 2007b. Body mass
index and oxidative DNA damage: a longitudinal study. Cancer Sci. 98(8):1254-
1258

Mo, J.Y., Maki, H., Sekiguchi, M., 1992. Hydrolytic elimination of a mutagenic
nucleotide, 8-oxodGTP, by human 18-kilodalton protein: sanitization of
nucleotide pool. Proc. Natl. Acad. Sci. U. S. A. 89: 11021-11025

Moriya, M., Grollman, A.P., 1993. Mutations in the mutY gene of Escherichia coli
enhance the frequency of targeted G:C-->T:a transversions induced by a single
8-oxoguanine residue in single-stranded DNA. Mol. Gen. Genet. 239: 72-76

Moura, R., Bacchim Neto, F.A., 2015. Radiation protection in interventional radiology.
J. Vasc. Bras. 14: 197-199

Mynalli, S., Biradar, B.N., Basti, R.S., Braggs, A.V., 2017. O riginal R esearch A rticle



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Evaluation of Awareness on Radiation Protection and Hazards among
Paramedical Personnel Working in Radiology Department of a Teaching Hospital.
Int. J. cotemporary Med. Surg. Radiol. 2: 158-163

Nagayoshi, Y., Kawano, H., Hokamaki, J., Uemura, T., Soejima, H., Kaikita, K.,
Sugiyama, S., Yamabe, H., Shioji, I., Sasaki, S., Kuroda, Y., Ogawa, H., 20009.
Differences in oxidative stress markers based on the aetiology of heart failure:
comparison of oxidative stress in patients with and without coronary artery
disease. Free Radic. Res. 43: 1159-1166

Nakajima, M., Takeuchi, T., Takeshita, T., Morimoto, K., 1996. 8-
Hydroxydeoxyguanosine in Human Leukocyte DNA and Daily Health Practice
Factors: Effects of Individual Alcohol Sensitivity. Environ Health
Perspect.104(12):1336-1338

O’Sullivan, J., O’Connor, O.J., O’Regan, K., Clarke, B., Burgoyne, L.N., Ryan, M.F.,
Maher, M.M., 2010. An assessment of medical students’ awareness of radiation
exposures associated with diagnostic imaging investigations. Insights Imaging 1:
86-92

Occupational Safety and Health Administration, 2020. Non-lonizing Radiation -
Overview _ Occupational Safety and Health Administration. Retrived from
https://www.osha.gov/nonionizingradiation#:~:text=Non%2Dionizing%?20radiat
10n%20is%20found,workers%20if%20not%20properly%20controlled. &text=Ex
tremely%20Low%?20Frequency%20(ELF)%20radiation,electrical%20wiring%z2
C%20and%20electrical%20equipment

Page, F. Le, Guy, A., Cadet, J., Sarasin, A., Gentil, A., 1998. Repair and mutagenic
potency of 8-0xoG: A and 8-0xoG : C base pairs in mammalian cells. Nucleic
Acids Res. 26(5):1276-1281

Paolicchi, F., Miniati, F., Bastiani, L., Faggioni, L., Ciaramella, A., Creonti, I.,
Sottocornola, C., Dionisi, C., Caramella, D., 2016. Assessment of radiation
protection awareness and knowledge about radiological examination doses among
Italian radiographers. Insights Imaging. 7: 233-242

Picano, E., Vano, E., Semelka, R., Regulla, D., 2007. The American College of
Radiology white paper on radiation dose in medicine: Deep impact on the practice
of cardiovascular imaging. Cardiovasc. Ultrasound 5: 1-7

Pilger, A., Ridiger, H.W., 2006. 8-Hydroxy-2'-deoxyguanosine as a marker of
oxidative DNA damage related to occupational and environmental exposures. Int.
Arch. Occup. Environ. Health. 80: 1-15

Pinch, C., Pilger, A., Schwameis, E., Germadnik, D., Prufert, U., Havilk, E., Lang, S.,
Kvaternik, H., Flores, J.A., Angelberger, P., Wanivenhaus, A., Rudiger, HW.,



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Sinzinger, H., 2000. Radiation Synovectomy Using 165Dy Ferric-Hydroxide and
Oxidative DNA Damage in Patients with Different Types of Arthritis. J Nucl Med.
41: 250-6

Radak, Z., Naito, H., Kaneko, T., Tahara, S., Nakamoto, H., Takahashi, R., Cardozo-
Pelaez, F., Goto, S., 2002. Exercise training decreases DNA damage and increases
DNA repair and resistance against oxidative stress of proteins in aged rat skeletal
muscle. Eur. J. Physiol. 273-278

Radiation Dosimetry, 2019. What is Linear no-threshold model - Definition. Retrived
from https://www.radiation-dosimetry.org/what-is-linear-no-
thresholdmodeldefinition/#:~:text=The%20linear%20n0%?2Dthreshold%20mode
I,ris %20at%20a%20high%20dose

Rahman, R.O.A., Atomic, E., Authority, E., Saleh, H.E.M., Atomic, E., Authority, E.,
2018. Principles and Applications in Nuclear Engineering. Retrived from:
https://www.intechopen.com/books/principles-and-applications-in-nuclear-
engineering-radiation-effects-thermal-hydraulics-radionuclide-migration-in-the-
environment/introductory-chapter-safety-aspects-in-nuclear-engineering

Redédn, J., Oliva, M.R., Tormos, C., Giner, V., Chaves, J., Iradi, A., Séez, G.T., 2003.
Antioxidant activities and oxidative stress byproducts in human hypertension.
Hypertens. 41(5):1096-1101

Rithidech, K.N., Tungjai, M., Reungpatthanaphong, P., Honikel, L., Simon, S.R., 2012.
Attenuation of oxidative damage and inflammatory responses by apigenin given
to mice after irradiation. Mutat. Res. - Genet. Toxicol. Environ. Mutagen. 749:
29-38

Roberts, E.B., Peet, D.J., 2016. Radiation protection training for cardiologists in the
era of multiple imaging techniques and complex interventions. Br. J. Radiol. 89
(1067)

Rodriguez Goyes, J.C., Gomez, N.J., Jaramillo Restrepo, V., Contreras, H., Villegas,
J., Giraldo, W., Bedoya, J., Morales, J., Arias, E., 2018. Radiation exposure in a
group of interventional cardiologists in a high volume PClcenter. Interv. Cardiol.
10: 73-78

Rosell6-Lleti, E., de Burgos, F.G., Morillas, P., Cortés, R., Martinez-Dolz, L.,
Almenar, L., Grigorian, L., Orosa, P., Portolés, M., Bertomeu, V., Rivera, M.,
2012. Impact of cardiovascular risk factors and inflammatory status on urinary 8-
OHdG in essential hypertension. Am. J. Hypertens. 25: 236242

Ross, R., 1999. Atherosclerosis--an inflammatory disease. N. Engl. J. Med. 340: 115-
126

Salehi, A., Ebrahimpour, K., Forouharmajd, F., Zarean, M., 2020. The relationship



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

between collective effective doses of radiation and urinary concentration of 8-
Dihydroxy-2-Deoxyguanosine among radiography staff. Int. J. Radiat. Res. 18:
587-592

Senemtasi Unal, E., Gelis, K., Baykan, P., 2018. Investigation of awareness levels
about the radiation safety of personnel working in the imaging units of the
hospitals in Agri, Turkey. J. Radiat. Res. Appl. Sci. 11: 111-115

Setia, M.S., 2016. Methodology series module 3: Cross-sectional studies. Indian J.
Dermatol. 61: 261-264

Shabani, F., Hasanzadeh, H., Emadi, A., Mirmohammadkhani, M., Bitarafan-Rajabi,
A., Abedelahi, A., Bokharaeian, M., Masoumi, H., Seifi, D., Khani, T., Sanchooli,
M., Moshfegh, S., Ziari, A., 2018. Radiation protection knowledge, attitude, and
practice (KAP) in interventional radiology. Oman Med. J. 33: 141-147

Shafiee, M., Rashidfar, R., Abdolmohammadi, J., Borzoueisileh, S., Salehi, Z.,
Dashtian, K., 2020. A study to assess the knowledge and practice of medical
professionals on radiation protection in interventional radiology. Indian J. Radiol.
Imaging 30: 64-69

Shah, A.S., Begum, N., Nasreen, S., Khan, A., 2007. Assessment of radiation
protection awareness levels in medical radiation science technologists - A pilot
survey. J. Postgrad. Med. Inst. 21: 169-172

Sherer, M.A.S., Visconti, P.J., Ritenour, E.R., Haynes, K.W., 2014. Radiation
Protection in Medical Radiography, 7th Editio. ed, Elsevier

Shigenaga, M.K., Gimeno, C.J., Ames, B.N., 1989. Urinary 8-hydroxy-2’-
deoxyguanosine as a biological marker of in vivo oxidative DNA damage. Proc.
Natl. Acad. Sci. U. S. A. 86: 9697-9701

Sies, H., 1991. Oxidative stress: from basic research to clinical application. Am. J. Med.
91: 31-38

Silva, R., Folgosa, F., Soares, P., Pereira, A.S., Garcia, R., Jesus, J., Tavares, P.,
Gomes, M.D.R., 2013. Occupational cosmic radiation exposure in Portuguese
airline pilots : study of a possible correlation with oxidative biological markers.
Radiat. Environ. Biophys. 211-220

Son Kyung Hun, Eun, Y.H., Chul, L.S., Chung, J.H., Jo, B.K., Kim, H.P., Heo, M.Y .,
2005. Antioxidan activity of the extract from the inner shell of chestnut.pdf. J.
Appl. Pharmacol. 3:150-55

Soye, J.A., Paterson, A., 2008. A survey of awareness of radiation dose among health
professionals in Northern Ireland. Br. J. Radiol. 81: 725-729

Sperati, A., Abeni, D.D., Tagesson, C., Forastiere, F., Micell, M., Axelson, O., 1999.
Exposure to Indoor Background Radiation and Urinary Concentrations of 8-

10



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

Hydroxydeoxyguanosine , a Marker of Oxidative DNA Damage. Environ Health
Perspect. 107(3):213-215

Ssi, J.H., Hons, M.K., Byrne, N.M., 2017. Determination of new anthropometric cut-
off values for obesity screening in Indonesian adults. Asia Pac. J. Clin. Nutr. 26:
650-656

Suharyanto, F., Oemiati, R., Jovina, T.A., 2012. Level of radiation exposure in several
hospitals in Indonesia. Heal. Sci. J. Indones. 3: 15-18

Sulieman, A., Alzimami, K., Gafar, R., Babikir, E., Alsafi, K., Suliman, L.I., 2014.
Occupational and patient exposure in coronary angiography procedures. Radiat.
Phys. Chem. 104: 68-71

Szarmach, A., Piskunowicz, M., Swiqtor’l, D., Muc, A., Mockalto, G., Dzierzanowski,
J., Szurowska, E., 2015. Radiation safety awareness among medical staff. Polish
J. Radiol. 80: 5761

Tondel, M., Arynchyn, A., J¢nsson, P., Persson, B., Tagesson, C., 2005. Urinary 8-
Hydroxydeoxyguanosine in Belarussian Children Relates to Urban Living Rather
Than Radiation Dose After the Chernobyl Accident : A Pilot Study. Arch Environ
Contam Toxicol. 48(4):515-519

Tsapaki, V., 2010. Radiation dose in interventional cardiology. Imaging Med. 2: 303—
312

Tu, C.Y., Lin, C.J,, Yang, B.H., Wu, J., Wu, T.H., 2020. Cardiac catheterization real-
time dynamic radiation dose measurement to estimate lifetime attributable risk of
cancer. PLoS One 15: 1-12

United States Environmental Protection Agency, 2019. Radiation Basics : Radiation
Protection US EPA. Retrived from https://www.epa.gov/radiation/radiation-
basics#ioniandnonioni

US Nuclear Regulatory Commission, 2017. NRC: Radiation Basics. Retrived from
https://www.nrc.gov/about-
nrc/radiation/healtheffects/radiationbasics.html#neutron%0Ahttps://www.nrc.go
v/aboutnrc/radiation/healtheffects/radiation-basics.html

Valavanidis, A., Vlachogianni, T., Fiotakis, C., 2009. 8-Hydroxy-2' -deoxyguanosine
(8-OHdG): A critical biomarker of oxidative stress and carcinogenesis. J.
Environ. Sci. Heal. - Part C Environ. Carcinog. Ecotoxicol. Rev. 27: 120-139

Valuckiene, Z., Jurenas, M., Cibulskaite, I., 2016. lonizing radiation exposure in
interventional cardiology: Current radiation protection practice of invasive
cardiology operators in Lithuania. J. Radiol. Prot. 36: 695-708

Wilson-stewart, K., Shanahan, M., Fontanarosa, D., Davidson, R., 2018. Occupational
radiation exposure to nursing staff during cardiovascular fl uoroscopic

11



DETECTION OF URINARY 8-HYDROXYDEOXYGUANOSINE (8-OHDG) LEVEL AS A BIOMARKER OF
OXIDATIVE DNA DAMAGE

AMONG RADIATION OPERATORS AND CATHETERIZATION PATIENTS

UNIVERSITAS AbuArrah , Muhammad Abd Alnaser Ibraheem , Prof. Dr. dr. Budi Yuli Setianto, Sp.PD-KKV, Sp.JP(K) / Prof. dr. Arif |

GADJAH MADA Universitas Gadjah Mada, 2021 | Diunduh dari http://etd.repository.ugm.ac.id/

procedures : A review of the literature 282-297

Wilson, V.L., Taffe, B.G., Peter, G., Povey, A.C., Harris, C.C., 1993. Detection and
Quantification of 8-Hydroxydeoxyguanosine Adducts in Peripheral Blood of
People Exposed to lonizing Radiation. J Appl Clin Med Phys. 19(6):282-297

Xiang, F., Shuanglun, X., Jingfeng, W., Rugiong, N., Yuan, Z., Yonggqing, L., Jun, Z.,
2011. Association of serum 8-hydroxy-2’-deoxyguanosine levels with the
presence and severity of coronary artery disease. Coron. Artery Dis. 22: 223-227

Yurt, A., Cavusoglu, B., Giinay, T., 2014. Evaluation of Awareness on Radiation
Protection and Knowledge About Radiological Examinations in Healthcare
Professionals Who Use lonized Radiation at Work. Malecular Imaging
Radionucl. Ther. 22: 48-53

Zanolin, M.E., Girardi, P., Degan, P., Rava, M., Olivieri, M., Di Gennaro, G., Nicolis,
M., De Marco, R., 2015. Measurement of a urinary marker (8-
hydroxydeoxyguanosine, 8-OHdG) of DNA oxidative stress in epidemiological
surveys: A pilot study. Int. J. Biol. Markers 30: 341-345

Zeraatpishe, A., Oryan, S., Bagheri, M.H., Pilevarian, A.A., Malekirad, A.A., Baeeri,
M., Abdollahi, M., 2011. Effects of Melissa officinalis L. on oxidative status and
DNA damage in subjects exposed to long-term low-dose ionizing radiation.
Toxicol. Ind. Health 27: 205-212

12



	References

