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Background: Although ionizing radiation is very effective in medical science to
diagnose and treat diseases, it can also be the cause of cancer. Ionizing radiation Radiologists
produces free radicals which lead to oxidative DNA damage. 8-Hydroxy-2-
deoxyguanosine level (8-OHdG), oxidative modification of Guanine excreted in
the urine, is one of the most sensitive biomarkers of oxidative DNA cell damage. sine
Formation of 8-OHdG in serum, leukocytes, and urine is often measured to
investigate the level of oxidative stress in humans. This compound is a known
carcinogenic substance that is conjugated to thymidine, and G: C > T: A
conversion occurs. Increasing the base level of DNA oxidation is accompanied
by various diseases including diabetes mellitus, cancer, degenerative diseases
of the nervous system, and the renal terminal diseases. The level of oxidative
DNA lesions depends on several factors, including environmental risks and
genotoxic factors, smoking, alcohol consumption, intracellular and extracellular
metabolism, and exposure to the ionizing radiation. Oxidative stress is thought
to be associated with the tumor formation. Therefore, determining the level of
8-OHdG can determine the individual's susceptibility to develop a tumor and
the resultipg in emergence of cancer. Various rpethods have been devgloped Received: 2019-08-27
for quantitative measurement of 8-OHdG in human DNA specimens,
which include HPLC, GC/MS, the chemistry of immunity texture, and the Accepted: 2020-07-14
ELISA test. The most sensitive method is to measure the FPG (the enzyme
formamidopyrimidine glycolase DNA) and CG/MS. For some difficulties
for determination of 8-hydroxy2-deoxyguanosine by chromatographic
methods (such as expensive required instruments and difficult derivatization
procedure), most researchers tend to determine 8-hydroxy2-deoxyguanosine
with the available commercial ELISA kits. However, it is notable that rate of
detection of GC/MS method for determination of 8-hydroxy2-deoxyguanosine
is at least 10 times better than ELISA method and there is no possibility for false
positive or negative results in GC/MS determination. One of the environmental
factors that affect human physiology and DNA oxidative damage is ionizing
radiation, which has been investigated and documented sufficiently during
the past century and after nuclear incidents and inhalation of or exposure to
ionizing radiation. Regardless of environmental exposure, artificial resources
of ionizing radiation are used increasingly. Several studies have reported that
the concentration of 8-OHdG increases with exposure to low-dose ionizing
radiation. The findings of a study showed that levels of 8-OHdG in urine of
individuals exposed to ionizing radiation were significantly higher than those
who did not have exposure. The increasing use of radiological equipment, the
development of radiological treatment strategies, and the increasing availability
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of ionizing radiation for therapeutic purposes have increased concerns over the
dose of radiation received by personnel. Despite the unique benefits of ionizing
radiation, radiation protection is a potential source of potential risks such
as cancer and genetic abnormalities. The risk of cancer caused by diagnostic
radiology is estimated to be about 0.6/. to 67. It is estimated that the dose
resulting from the annual diagnostic radiology tests is responsible for 1 and 4
cases of cancer in the population of Japan and the United States, respectively.
Although the dose of most diagnostic radiological tests is very low, the rapid
increase in the use of radiographic tests in the last two decades has caused a wave
of concern about the carcinogenic effects of ionizing radiation. There are more
than 3 million radiographic tests and more than 100,000 nuclear medicine tests
in the world every day. Staff in the radiology and radiotherapy departments are
exposed to the cumulative effects of ionizing radiation. The limit dose varies
for radiology staff and the general public. In radiology staft, the effective annual
dose is 20 millisieverts. Therefore, it is necessary to study the degree of cancer
susceptibility through biological monitoring in radiologists. The purpose of
this study was to measure the concentration of 8-Hydroxy-2'-deoxyguanosine
(8-OHAQG) in the urine of Radiography staff as a biomarker of oxidative damage
and to compare it with the non-radiation workers group.

Methods: In this case-control study, 70 samples were selected in two groups.
35 staffs were various radiologists’ groups working in Isfahan's public hospitals
(including nuclear medicine, radiology, radiotherapy and CT scans) and 35
employees who had no exposure to radiation. Due to the limited number of
radiography staff in the state hospitals of Isfahan, especially the radiotherapy
and nuclear medicine groups, and the lack of cooperation between hospitals
and private centers, the minimum considered number was 35 radiographers
and 35 non-radiation workers. After coordinating with the management of
the hospitals, informed consent was obtained from each of the participants.
Initially, a checklist of participants’ demographic information (gender, age,
work experience, and type of occupational group) was prepared. The inclusion
criteria to the study were investigated via a checklist for the radiographers
and the non-radiation workers.When refusing urine, smoking, drinking tea
and coffee during work shifts, drinking alcohol, take medication even a few
days before sampling, suffer from acute and chronic diseases (such as cancer,
diabetes, renal terminal diseases, degenerative diseases of the nervous system,
hypertension, or any other known disease), as well as in the radiologist’s group,
if employed in a second job facing ionizing radiation, samples were removed
from the study and selected personnel at the end of the shift, an urine sample
was taken to determine the 8-OHdG concentration. The samples were extracted
by SPE (solid-phase extraction) method and then the concentration of the
substance was read by GC/MS device. The concentration of creatinine in the
urine was measured in an approved medical laboratory using its commercial
kit purchased from Sigma Diagnostics. Preparation and clean-up of urine
samples were performed according to a previously described method with
some modifications. Waters Oasis® HLB Vac cartridges (60 mg of packing
material) were used for cleaning-up of urine samples. After each step of the
clean-up process, the cartridges were entirely dried under vacuum to avoid
cross-contamination and to maximize the required recovery. Each cartridge
was only used to clean-up one urine sample. The analysis was performed on a
quadruple Agilent GC-MS D: model 7890A (Agilent Technologies, Palo Alto,
CA, USA) coupled to a mass selective detector model 5975C inert, equipped
with a split/splitless injector. Quantification was performed at the selected ion
monitoring (SIM) mode based on the selection of mass peaks with the highest
intensity for 8OHAG to gain the highest possible sensitivity, (m/z 207). Finally,
the data from the determination of 8-OHdG concentration were analyzed
through SPss software version 26. For this purpose, chi-square test was used to
compare the qualitative data, and the independent t-test was used to determine
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the concentration of 8-OHdG in the two groups. Then one-way Anova and
tukey post hoc tests were applied to compare the concentration of 8-OHdG in
different groups of radiographers.

Results: The results showed that the average concentration of 8-OHdG in
radiologists’ urine (259/4+31.07 ng/mg creatinine) has a significant difference
with the average concentrations of this material in non-radilogists’ urine
(141/1£21/8 ng/mg creatinine) (P=0.003). Further analysis of the data showed
that the mean concentration of 8- hydroxy-2-deoxy-guanosine in urine was
also found in different groups of radiographers, as follows: One-way ANOVA
showed that there was a significant difference in the mean concentration of
8-hydroxy-2-deoxy-guanosine in urine between different occupations (P =
0.013). The tukey post hoc test showed that the mean concentration of urine
in people with nuclear medicine occupation was significantly higher than the
ones with occupations such as radiotherapy (P = 0.02), radiology (P =0.014).
However, there were no significant differences between the nuclear medicine
and CT scan(P =0.09).

Conclusion: Several studies have reported that the concentration of 8-OHdG
increases with exposure to low-dose ionizing radiation. The findings of a study
showed that levels of 8-OHdG in urine of individuals exposed to ionizing
radiation were significantly higher than those who did not have exposure. The
results of this study, which was done for the first time in the country by using
solid-phase extraction method for data extraction and then analyzing by GC/
MS to determining 8-OHdG level in urine, indicated that Ionizing radiation
has been affected in the increase of 8-OHdG level as a potential biomarker
of oxidative DNA damage. Increasing the concentration of 8-hydroxy2-
deoxyguanosine in the urine of the nuclear medicine group indicates that with
the higher the amount of radiation, the oxidative damage will be more. The
dose received by staff working in the nuclear medicine group is higher than
other workers due to work in the banned area (little distance of the technician
from the source of radiation) than the rest of the staff. The higher the distance
with the source, the lower the exposure. Any object between the technician and
the source of radiation will reduce the amount of exposure, and as a general
rule, if the object or matter between the technician and the source of the beam
is denser, the better protection will be provide. Inevitably, compliance with the
radiation safety principles by radiologists will reduce their radiation, which
includes: reducing the exposure time to radiation, increasing the distance from
the source, placing a protective shield between the person and the radiation
source and protecting itself against radioactive contamination using appropriate
clothing. Given the relation between oxidative stress and cancer, it seems that
the consumption of antioxidants, such as vitamin E and C, and Beta-carotene
is beneficial in preventing cancer. Also, the effect of exercise on oxidative stress
has been investigated in some studies. Oxidative DNA damage in athletes is less
than that of non-athletes. This may be due to the history of regular resistance
exercises in bodybuilding athletes, and it is possible that antioxidant capacity in
athletes may be developed due to regular exercises.

Conflicts of interest: None
Funding: Isfahan University of Medical Sciences

How to cite this article:

Farhad Forouharmajd, Azam Salehi, Karim Ebrahimpour. Effects of occupational exposure to radioactive beams
on oxidative DNA damage in Radiography staff in Isfahan's public hospitals. Iran Occupational Health. 2020
(12 Dec);17:59.

*This work is published under CC BY-NC-SA 3.0 licence



https://ioh.iums.ac.ir/article-1-2893-en.html

s

'/ﬁf—" b g 3 Al

http://ioh.iums.ac.ir

Yls) A

DANTAL = Y 0,90

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

39 J8l o )gi 0 38 DNA guiliwSt wunT p guiS15901y slagip b (i dg>1g0 wili

oleao! yaw (F 99 Sl ylow

ol oladol (ool (Sijy pole olfitily cusligg 8IS ¢(gldd > Cubligy wdigs 09)5 il 1x0 ydg 8 Db 8
ol el olaiol S5 pole oKl ubligy 51Kl o shab o cutligy utigs 09,5 1 smlo plis!

ebrahimpour@hlth.mui.ac.ir . o, ool (bl (Sbj psle olKutils wubligy 8Kl dare Cubliny (wiigs 09,5 bolil (Jstume odisss ) tygamd] il 02 )5

L2 jlgaals’

RULPS
P15 (S P (oS gy AnA

WAA B[+ il fu)b

VWRAFIYE bl b

oJ.,S%

ol Jole W15 ol B0 sl oigilon o3 5 et cly (S pole 3 i g0 425 18 g A
A s 35500 DNA gl 5508] sl cgo 45 035 o g |y ol claJiSuoy laigs dndl Lasb A3l 5o
ool | (S 0gdoe 83 )10l 3 48 lsS 5l o 83,9115 (8-OHAG) (jglsS (oS 93 =Y (S50
oy sl paly 3y Sijslanly Slinges 0l 55l Ll ol DNA sk sl ol sl S logs
3 55 5 LS5 Gialil e by Blanl gl lsiss Al 5l oslisel 8,5 B Lyied 5 L5l 5 «Sajglsd),
Sl @938 S 5> Se3dse ol B2 51 oy 4 Ml slasial lise (a2 ol s sl 048 LSS (8L >
ysas S5 3l )3 (B-OHAG) 35155 oS $5-Y (oS 50A gtas (£y:S0j) in byl dalllas 3l

1 plogl 1S g5 09,5 by o uglie 5 colsnsS] apud] S ylosey

ooy )S QS 51 85 70 s sl gy Car 09)F 53 )3 wiged Vo el - 390 cadlllas ol )3 1wy 22 (B
Sl G 9 2y iy sl (S8 Jold) ool b (Agd gbgblen 3 Jebs )85 ilise
(BAS S 5 Sl S g0d SleMbl (g yglaon 5| dm Il i3l iy b (lagalge 4565 zun &S Slaie)S 51 45 Y0 4 (
e Bpae o3l (31 5 Cailen )9035 (pp Pt 9 N0 09)5 93 1 > adllas & 3959 lajlre
Slacsilon @ Mol (58905 5l S8 5oy a2 ) (> 9> Bpae (JSI Brme ()l i Jobo )3 o3 9 sl Mg
2 Lo Vb (9 )lid nas w9353 Gs)lon wsslS Jiney sl by (lbpw Judl) (050 5 31>
wil isg gy b aralye & (o3 Jad 3 JUadl 9o JBgn 0g)5 ) omien 5 (50 BAILBLS (g)lon
Il 8505 0955 93 2 3l ()5 Catnd (Ll )DLy 805 Ol &7 Ly g 80,5 )1 adllas I badiges il
o 5l 4 9 5 gl 5wl SPE(solid-phase extraction) g, 4 baiges .6 43,5 8-OHAG clale s cas
J3ley Goyb ;) 8-OHAG clale yuws 5l Juols (slmodls colesys 3,5 il GC/MS olfsand b 595 3e 83l clale

A5 o (V8 dsws) SPSS

(oS pSikeo 2 oSl YOUSE ¥V/oY) o555, 3l 5 8-OHAG clile o Siko oy ol gl 1y adly

il ylline S5 (wilS pSuke 5 pSHl VRN £ YVA) g ol 3 ole ol clale Sl |
(P=pee¥)

wztls o DNA eS| ol 853l 5 lages lsicas 8-OHAG mhas il lpmisn 555 108585 sl
Sl n b agzlee Oloy (RalS il Wil e o L5 (g9 Sl (255 SBlix Jsol Cule) Conl (spp ol
ool b 5285000, Sogll )0 045 5l clablone § 65 auie g (ateds (w (bla> e (0l 18 (aie 5l alols
Ol 5 5510081 ool L)) & azgi Lo wnlys Loyl (65550 (1alS 4y e ceslis gy 5 (ol

ol dite )l p 51 (6 iy 50 (55, 5 C g E sl g aile oyl 5T G s sy oo iy

W/aww//)fylw ‘)é)Lv

Oledol ([Sig pale oKl 05 Sy los 2uio

:lio (ol 4 slciw! 6

Farhad Forouharmajd, Azam Salehi, Karim Ebrahimpour. Effects of occupational exposure to radioactive beams
on oxidative DNA damage in Radiography staff in Isfahan's public hospitals. Iran Occupational Health. 2020

(12 Dec);17:59.

aawl 438 535 5 920 CC BY-NC-SA 3.0 b Galloo S13T s yiansd o )g50 &3 &llio ¢yl sl ®

Iran Occupational Health. 2020 (12 Dec);17:59 f



http://ioh.iums.ac.ir
https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

~DNA s5lup] sl 2 5:35T5201, slogip b i dgzs 5T

5.@5...[5 UJM)...:BMLA)sﬁ fb")"‘ FPG )..So)‘..\J‘
sy Slsle j0 8-OHAG mhaws (5 ,.5;l00l d-lﬁ
)13 952y 09> 9 Lewdly e ol L35l
oo Sl ais (MS) o> sﬁﬁjf&wl
Slals &5 6‘):’ ELISA 5 iwe oy, 5 (EC)
(Ve) ogi o oolazwl jlyol 5 DNA o 50 5l Lol
VS gyed A el o O (B o
25l 355k slosin, b ool oS0
Slw@iie ) 5 5k 3,00 eSS bl
S Y oS g 00 A i 4 ldae 13ST (gl
B Lel.asls LLSELISA 5 los slacaS b 1 59le5
S plped Jlaz (256l (oS 950 Y (ouS'g o -A
o b Codie gl s Sl g Gl ELISA. g 5
(V1) 5,105 9429 GC/ MS s j0 L3S
oBaus e lisn sy 0 84 yamie adlio 392 5L
ol o wiile (glogilly o oz Laie cgi o pl 0 cbslis
BUPE N I ZJOWRE SRR L INT- S8 Wi - Y- E ST
g a5l p X BT /8 g0 10 cansis (g59dg0l,
sl loosasl 5l S5 5o 4T 09 g0 035 (e
wLi:).a‘ A0S &_JYL)‘ 9 U"‘) Coroz )0l pdy
sadd Sidaol, sbosesl yiia 5o a4z S
6LQQBA)T )‘ oolazw! oD du‘js‘ o U‘“"L’ )La.m.)
)Ly 1y b SlSS 5l (o ge 43S Ao 93 50 6,055 2
el 00,5 sl libe e o lile e ol
3 it 5 g0 gosl) o v el i alig
g oo plzsl Lis jo slaiwn S eyl e ese et
» Slrgin s Sidnsl, sbgis pLs)s ()
poye poes 5 Shgdpoly OLSH sln Slee 5o
s ).,9.0 30 Ghgdgal, (LS ol Dl
S5l cSL“uM’U s Jels ol s PyazL
o5 599 9 ooled (n i (Sloydgin g (pansld
LY )L..:‘ Slaww! L)‘)""’ P u.\.))‘«) ‘) L)‘)""?” Al
ol s Sy 0y5l Slizge Lol Jass Gl s
s 051540 ¢50b 5 Cuo] 5145 551 o w2l 81 0l 8
sl I8 595 5 )9iST o el culilags

dodio
gy (S il plpieds gilannST o il
ssboas (ROS) Jlb (58T sladisS (] ;0 45 09 o
P el ROS o> 5 s ebas - 2598 0 0dgs L
Josde jo alidee Slauls g 098 STy 5,lg DNA
ey ol aS DNA Glals 5l S .auS olbx| DNA
8-) &)_;)9.:‘;;&5“5930 -Y G..S»m -A ‘h:;u..." W)
oY 50 ol s Jlade a4 el () -l (OHAG
DNA gilansT Oluls mda (V) 2045 o0 adss L]
Jelse 5 haome Sl ) oz 3l (gouste Jalgs &
pedolin (S B ran K ol (SS 95955
Ols dadl (2500 55 (385 )85 Jslw g )5 9 51
ld oy T sl e JISal e ded]
w3 o i |y 0,5 0 )2 (6551 5 098 o0 Lol (55 labl
Ok 995 5l (Fglie )18, Ol 4 o) 0loy U
ool Gl JGol, wlg co olsg dndl il
Slalllas (pizmen (8) 99800 Ol €585 b (55ko
Bl oymn 5 5,5 )5 alosls ol SKjsiam
Sl (GYeb a4 e Slaials ol
(V-7) a2 oo (Al 31 (5095909, slags lnial
Y (8-OHAG) 59l (S P -Y nSg 0 -A
el DNA 803 o 5L o¥game oy kol |
6l L ol g bacossST oo s 5o 8-OHAG |
S o3l Ll jo gulanST il mlaw (o)
GICOTA ol ¢ 0gd o0 Sl (e b a5 ol
s G2l (A) el ol ot 5055 St Ly guslonnS]
alos | Gal..m sl low ULDNA o ula ST &L
e i 9251550 S slon (Ol i gtide ol
Sty Sl olon $5alS Jloey o lows
slediges ;0 8-OHAG 55 (s Fojlusl sl (S565LsS
.l GC/MS HPLC ol a5 oo slxyl _slusl DNA


https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

Job )0 050 5 sl awdies s B ran lyol ol
Wz E gl Bras (SN Bras (6,85 cand
ooie 99l lags lew 0 Ml (s S s 51 S35,
(55l Sy sl o ol by beds)
Lo Vb 55 )Lid cprae i 520553 Slags Lo
5095 55 rizren 5 (500 BadaiBlid (5 Lo o
Slagin b aglye a5 (gogd Jad po Jlxsl &g
WS 7, dalllas l baiges il atils 50
65 i bl s siad il oS e, 5l
o 59y » oyl Gladiges .ol sl ol (6 S aigal
S diged ;8 5l cw o Vool ools il oBis el e
3550 oBitglojl 4y 9 o 3l (il S clale (s
J>l e plosl gl iy o (Y- Al o) ol ooliw )8 L3
o (5,19a55 (o],F il az jo-Ae) 3 8 J3ls ioles]
(Y-F 5 ¥-F >0

Ol¥ise (g onl sl M g lacosgazs S
oL gip dlass jo Cusgase 10,5 o lil 8)lge pl @
rya>a el el (H9d Glaptin len ;3 95290
B pas lwa (San g 2linel) slaeg S
Solliws (& 095« sogaz S g ol Lo
Sol 5B gl (he, sl i abeas) p3Y
3 g (9,5 S Cuz plyd b s 4
robes s oleral (S pole olSisls cuiilagy sasuils
5 ot Slge dngd S gl Sy ST 5 o
35S )3 39290 Sl 28 Jdo oY Slag 5,18

S 90
5L §ie 9 8-hydroxy-2-deoxyguanosine s ,lasbiw|
(N-methyl-N-(trimethylsilyl)
LK &S i 5l (trifluoroacetamide, MSTFA)
WA (g, > Sigma Co. (St. Louis, MO, USA)
sl 5 S5t Jals GC 3 HPLC. a5l Jslo
050 ,5 4g3 MERC &8 i 51 (1AA) S )3

JURRSENIN geesw
Sobw oS 5l eslaal b el sl S cdale
S5, (St. Louis, MO, USA) LXcw 3l oadss,las 5
G rSoslul Slot ig) b ol 0 90 oib olKisle)]
(VF) .o

OHes g 59 pnlpl 00,5

s s Sojail Gas b ols dallls ol ol

Slese olsieds LS55, HLS)S el 8-OHAG

b odsl 61 GCTMS g Alsgay guslonST o]
2B all 56 a8 09,5 b oyl dlie g 5905 50

IR 09
09,5 99 )0 digad Vo dlauss aali_ 0,90 logh (ol jo
)lSy).: lise LSLQWj)f ULS)IS)‘).Q.:YQ HE W) uL‘?v.u‘
09,5 Jold pledol jod (oo pliwsloe ¥ o el
90 09,5 Olyear (BN oSl (Gow 5 (V)
(ls j13 Gl slogs  elgil (2 a0 ;0 45 (o295
olBiils e IS o 51 g5 e LSS a5 YO
S (29)5) JFS 095 Olprea pledel (Sip psle
Sl (ol olise 95y b slagzrlye 455 o
pole oRuils lojo Ciglas 4 danxl e b lanl Lasal
3 9szge sbagliw e I G 5l (Oledel (o5
lasly gls 45 Sl s 55T 10 ¢ bnybins slass o ylgs)
L) S 55550 09,5 59 5 5l a5 590 oLl g
9 (Ml.» u‘r’? 9;); b Lg‘A.Q.?-lﬁ.o 4395 T aS L5\>LC
SOl 95 50 508 09,5 890, -0 5 il 555
B oS bl Gllai (n i &5 wad a8 5 iy
Oboy el Bl OBl 51 s (g i ey 5 51 aziisls
5o Salen 5,15 s blod 5l b (6 S diges
& S Wigad 4y el 5| 8 09,5y (6l (o590 Al
Oeetd) ) J9e 8 44z i o diged e 3 5 1S
(V0) -0 drlone 9290 (i 9 5 (4903 pn JSlo

(Zl—a/Z T2y )2 (0-12+ o3 )2
(,ul —,u2)2
dabiculs, ol o Co pae b Sales 5l s
5| IRMULREC.1396.3.293 sl oS L «lal5]
RN TCH BRVAPUETC RN AVEC JEK SIS R RN
ol Fass e 1 Kbl Fans Sledlbl S
Soglenz (Jas 095 £95 5 S Ao (i)
09,5 95 ;2 ;3 aslllae 4395 (61 lne (om0 5
5l Camilos D500 0l gy LS g e 5 S

n=



https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

~DNA s5lup] sl 2 5:35T5201, slogip b i dgzs 5T

O lp ol 5 ile ax,0 YV o slos (5,045 y9] (sloo
Lol,S silwaz o ¥e e b los ioli8l coled, g addo
Sl @ do ¥ oue 4y adds ol )5 cole a0 10
SPlit 3,55 by, 5 oS sule azyo YV jeuSnsy]
5 Sl o158l jglateas .og (Splite ratio: 2:1)
(Selected Ton Monitoring) SIM e 5l 5JUT g, o

(Yov m/z) iy Sl b ey Qbl bl
(YA) .oy solawl

Wools Judes

Oead § Sl S 500 e S 5l Jol> slaools
Gk 3l 09,5 g0 y» 1ol o 8-OHAG cale =
28,8 L8 ds 590 (Y9 dseis) SPSS l58le
slrosls 5ol lu as )0 g olass wluly S slaosls
s ol gy 5 0l Bl ol el 1 51 3
oslawl 9,90 ()5 Able g G sosls Cyx
bge Oledbl) 55 sbeosls odley .cd,8 I8
L (8-OHAG clile Sl g 5,5 dile oy @
slo Ol a8 ol g Kolmogorov-Smirnov 090 )’T
el Jlo 5 (8-OHAG clale ¢ IS daslus ¢ p) 2565
6Lmao|a L..;Lo.a 6‘)‘.’ )351...;‘ Lglf 09“’)] )| S (o
09,5 39 oy (G5 Ayl 5 o) (85 slaosls duglie
Wl s S S

6[3&09; L cdale L).Ai’Ll-A Q.H.,Lu )Q.L:...AA.: i
tukey 4 one-wayAnova slayge;l S5, calisca
-2 eolazwl post hoc

bassl
09,5 ;2 g OF LY 5l gy 09,5 10 g dials
YS! 5 QSA)"‘ g Jlw 00 b YA 5l Sey e
Sloline Dglis 09,5 93 (e i (ol B o5 Slo (las
aS og ol S5las Jaae & Oyl -(P = /FY) cuslas
o (P=/AF) 15 dile o (P = +/0%) o nKile
o )l el s .cllas jlobae OS] 09,5 0
B 5,550 09,5 99 » Sl T5es slaosly
sdal V' Jgaz ;o (ol 31,15 &asle § oy i) ol
el

25l slaaiges 5JUT 5 Jol> slaosls cus e b

\4

lodigas (s jlwoolo]

ookl ol sladiges 0,5 el /Lg)’L.»ooLJ
s plosl Ol ks Sl ezl oo |13 aS™ g,
Ve, VIV) S yd sl b0l sladigas lacl (VY)
Y Soe ol S ile ax o F sles jo g oud gl
30,900 ¢+ Ce pu b oy g wiad (6 I8 Al 5 el
Slazs 55,5050 5 Seuty yiil da 8o ) ¢ Dok dyaddo
Sslwlaz gl (0,5 Lo £+ i) Waters Oasis® HLB
Jobe o e O Lol o 5 )5 s oolaiwl abas o
(PH=Y/YO)Y+ mM o8 duol i o A oo
5o yile a5 (51l iged o 51 i e 008 les
I/ 13 | diged 5 0 455 55 0 518 s
Sl o 0 o1 5l am 0,8 jgue o 5 S 3o 5l min
Ly 90,8 adlol @ 5l yo 4 mMY - See 8 a5
W Jsloee GhL )0 (e -0l 00ls j5ne e s (o
Seoy8 Aol 10 (VIV) TAV/D Jgibin yd Lo & Jolis
0,5 Al g S e 4 8-OHdG (g;lulax sl

N srSsl slp abad g silelaz Jole 5l an
Mol M- 2 Loy 515 5 5lotie 5 oo (591
b g glaez polde laml jghaie (pay .diad S
5 dezie o5 il a>,0 -A+ sles o 8-OHAG
operon Spanish) jludesie S Sis oKiws U
Sly 5 e Sas (FDU_8612 .company
S8 solatl 090 L0l dged SO dbal g (gjlwlos
O s Sis sladiges 51 S50 a dalol o085
o adlol (Acetonitrile/MSTFA, 1:1, v/v) 5L giee
Ao los jo el ) Soe 4y ailsp )3 51 baaigal 5
o g lwlan Lges WY Loszd 5 )18 ol 5 il ax o
28,5 03l GC-MS olSKiws a3 32,5 sy

GC-MS |, U1
SIS 5leg,S olKiws 3l eolaxwl L 8-OHAG LI
(Agilent Technologies, Palo Alto, CA, USA) ¢ 51
5 7890A Jos o> wcil Lo, KaT 4 jome
A eolatwl Y ml/min oo b Jol> 55 olgica, 7.24/49
oolal LQ}.:JUT LS DB-5MS J._\.,o O )‘ RS ON.
Fo g Jgb Conl 728 cpa o] Glaseie a5 50 )5
y0g e IVD Coles g yin o« VO 5o jlad i s

el L3 (pl 5l 5 GEIMS oBiws obes Lyl )i


https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

OHes g 59 pnlpl 00,5

S50 5 555 09,5 93 10 (g2 2390 Sl S 505 glmodls =Y Joua

Kinns 095 JBgineS ke
(v = slaws) (V0 = sluws)
(o) o
FV/F 51V FAEENS e ol 20 S0be
00-Y4 oF-vs )
o
(EYIRL)vY (AN Sy
(PYINZNY (FOIVINSE oJ
©) Al
VENE VI WAL NS e Gl . Slo
Y-y Y-y =)

St 9 5095 95 )3 )yl 13 (piglS (S B>—Y (S pam —A cbile (ke Y Jgun

Lro Bl yool £ Slo
P-value e Sl B 09,5

(018 p S ke 2 p S 90)

" YOA/F £ ¥V/-V o
¥ W 098

ARV S 553308 09,5

09,5
P = /o) el Joline OS] Sl 5 om

o 85 hE wileols las Sosgian Oldlae
SYob Do 4 (i Oladais (ol mhe (55
(F) a2 o0 GRal38l15 (o093909,5 slas Ll Syl 8
Oomb lage (oyme yo ol len JBen (WS,
(V2) .3l 13 oligs At

silanasT Sluls i sl 5l S, 8-OHdG
DNA Cul (pess gl a8 conl of5T ISl 51 2ot
S 5ihs,S )5 allae iz s e eolitul
39L Oles slogin b agzlse il 8-OHAG ke
ols Gt gty S slaasil e Gl el
Olseis cgiy b a5 golydl ol yo 8-OHAG mhau
Sl g0l 8l 51 iy (g lolire jaboay caslaiils ag>lge
(Y+) caxilss aglye lags 5 cpl b aS

FOM A NIRAK A Pl

tael Gty )55 2 9 555 50 09,5 90 (6l 2

‘ﬁ". Y k5’ U}A)‘ ol 00! Y Jj&? o 45)5-|¢QL°-Q
S P Y S gyan A cdale o Sile ols olis
250058 rsilss

S50 E 09,5 ) e 6 lobine jsboas 1565 5, 05,5
.(PZ of . ’\ﬂ) 09.3

=S gy A clale Sl Waosls yris Jdss b
U5 @l slaos,5 510l 1o 08ilsT (oS50 Y
fowl Cawsay o

2 oS oatie a3 by uilly LT (a3l
S Y Sy A bl oSl S5
Sobise gy iz Jelie oy Sly0) )0 (o 59ilsS
Lo jius wyp L(P= /1Y) cosls

oS 39y o)1 5l Sl gl tukey post hoc .1
9155 oS HOY Sy 0um A clale o Silo
095,303

9 P=-./-Y) g_;")’ﬁ"é‘) 03; l; Lg‘w QSi‘“)"
L Lol scails (g loline ST (P = +/+\F) (s38ls0l,

A



https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

~DNA s5lup] sl 2 5:35T5201, slogip b i dgzs 5T

(5] T 3 58l20l) ol ol st (S ) IS5 iliseo sloog S ] 55 (yjoilsS (S5 =Y o5y —A clile uSols Y Jgus

oSl (g Sigdadl, el
(V) = slaw) (V- = slaw) (A = oluss)

YEY[-¥ £ av/¥
VALY ¥V

o/ A ofoy*
Voo

AV VAR B LV Y

(7 = slaw)
«k8-OHdG
(01 25 ey p,5530)
FEYND 20V /5 Hro Gl ol £, Sls
Py
P,

oSl o 9 el sl b sldn (Sij 09,5 op clalé duglio cqe P-value: Py

OB 8 5 o350 glanST sl S Lo 51 (SO lgreas
03,5 aseiie dalllas (ol ) (paizmes ool ails 5k
Sl glaine Sy 09,5 50 8-OHAG (g )l,0f clale a5
&S Sl 5 Cel JYL (Ggla0ly 5 2l igual) eg,F
639J9€.°‘) 3 6‘M é.»).’ 09).? O 8-OHdG
05; O GJ‘QL‘«M S Ll ALY )‘QL‘\M GA«M
095 Uimed 9 (oaid Shgdpol, 9 (2l
(YY) coiis ovpline glawn iy g ol gl

cledy cglainn ( Sij 09,5 j0 (LS5 280 0 50
(yfwbw&pfa\l@ls) dcgion dihio o IS
(YY) .ol LS8 b 5l s

Sabdy o,ble 5 50 o dlayl ) ALARA ol 3.l
Olgt a5 glaxdl 5oz 14 (] aliw! O3 9 b
Cootl 51 ST a5 0,105 8929 el Jlas o lallao | o

Sow 3l @58y Cblas Jaol cole) ol spon
¢ p b agzlge loy Lials ) 1l asles,le a5 o565 5,
O bl e 0ls ST (e sl alols ol8lY
i ol Gidiar g wld 3l eolawl b guiSTleol,
@ axg L (YF) .ol valys oyl 6,59, rals
9,8 9 C g E sy asile lagplapnsT 5T & pas

wlpaly 5 s59aly 09,5 oy cdale duslis cqs P-value P2

Cal Jlalins bl P < 0.05%

15 B-OHAG gelans )5 o)l53 slogi p Sl 5,905

5 ool ) 4 glalllan 4 (Y-18) oS
S Jshos o] ol S slosn lgica; 8-OHAG
IRVLES RSN BUPVOW ST+ LIPUIE SN LSS S eIV I
S t55,5 iy oo gl )+
ot el FA B YE b o laazy ol 1,01 8-OHAG
o a5 030,551l byl o (6 wSe sl ey 5,90 5
Ot 5l de S logn S wilg e 41,0 B-OHAG
(0) 0L ez yo anil 1 yDNA Jslo ol 5
O Sgxr e g ot oS sladdllas

LS5 n e 5 50 095 )0l 0 8-OHAG clale
aS Wo,S asein wisle pledl ELISA a5l eolaiul
)Joline ysboas 555y, 09,5 1,8l o 8-OHAG mlans
el S5 10 05,5 ol o esle ol a3 5V
GC/MS g, 5l ooliiwl b a5 anlllas ol gl (YY)
;0 8-OHAG clalé a5 o o] 51 Sl 55 o ploxl
o ey o SSLYOUEE YV/-Y) 555, 09,5 1,0
R me 09,5 ol jo esle cul cdale b (sl
gl (oS 5 oo 2 5556 VEVNE YI/A)
sdel sty gulis Lulwl g (P= /4 +¥) 5,15 (g lobias
5 )55 n 095 93 St 4 azgi by By, 0l
P Bd> 5 )15 dble (o i Sl B e
39)9 slayline b D plio a5 05,5 95 12 50 Jule aigS
odelewady dons CiS g8 oo el alils dsllas 4


https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nowak B, Jankowski J. Occupational exposure in
operational radiology. Pol ] Occup Med Environ Health
1991; 4(2): 169-174

Hallberg LM, Ward JB, Hernandez C, Ameredes BT,
Wickliffe JK, Committee HHR. Part 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 2015; 184: 87-105.
Collins AR, Oscoz AA, Brunborg G, Gaivao I,
Giovannelli L, Kruszewski M, et al. The comet assay:
topical issues. Mutagenesis 2008; 23(3): 143-51.

Evans MD, Olinski R, Loft S, Cooke MS. Toward
consensus in the analysis of urinary 8-oxo-7, 8-dihydro-
2'-deoxyguanosine as a noninvasive biomarker of
oxidative stress. The FASEB ] 2010; 24(4): 1249-60.

Mei S, Yao Q, Wu C, Xu G. Determination of urinary
8-hydroxy-2'-deoxyguanosine by two approaches-
capillary electrophoresis and GC/MS: an assay for
in vivo oxidative DNA damage in cancer patients. ]
Chromatogr B 2005; 827(1): 83-7.

Karami V, Zabihzadeh M. Radiation protection in
diagnostic X-ray imaging departments in Iran: a
systematic review of published articles. Journal of
Mazandaran University of Medical Sciences. 2016;
26(135): 175-88.

Betlazar C, Middleton RJ, Banati RB, Liu G-J. The
impact of high and low dose ionising radiation on the
central nervous system. Redox Biol 2016; 9: 144-56.
Euronuclear. Radiation exposure, dose limits, Germany.
Geneva: EU, European nuclear society; 2017.

H. A. Jeng, M. R. Chao, R. N. Li and et al, “Measurement
of 8-0x0-7,8-Dihydro-2’-Deoxyguanosine in
Human Semen and Urine by Isotope-Dilution Liquid
Chromatography-Tandem Mass Spectrometry with
On-Line Solid-Phase Extraction: Comparison with a
Commercial Available Enzyme-Linked Immunosorbent
Assay,” Andrology , vol. S1, no. 100, pp. 1-7, 2015.

Slot C. Plasma creatinine determination a new and
specific Jaffe reaction method. Scand ] Clin Lab Invest
1965; 17(4): 381-7.

Hai-Shu L, Jenner AM, Ong CN, Huang SH, Whiteman
M, Halliwell B. A high-throughput and sensitive
methodology for the quantification of urinary
8-hydroxy-2'-deoxyguanosine: measurement with gas
chromatography-mass spectrometry after single solid-
phase extraction. Biochem J 2004; 380(2): 541-8.

Lim KS, Jenner A, Halliwell B. Quantitative gas
chromatography mass spectrometric analysis of
2'-deoxyinosine in tissue DNA. Nat Protoc 2006; 1(4):
1995.

Maffei F Angelini S, Forti GC, Violante FS, Lodi V,
Mattioli S, et al. Spectrum of chromosomal aberrations

OHes g 59 pnlpl 00,5

GBio Falslae Jelge 4Kl 4 ax g b eanlllan ol o

C_‘a.w u.m‘ﬁ‘ » u‘)-*-’&’ 9 2 alo L)L"“" @Lu VALY AW
slanST ol 558l S log licay 8-OHAG
T cbla> Jeol cule, -l alils J...,b DNA

crge 9 S P el 4 e L n e )
09 o0 5 (el

@‘J)..\é 5 s & oo
5,90 (297l Aol bl zuls 5l sewd yol> dllas
oBiils Colas L g YAPYAY 6 Lol 4y 0l )l ol IS

S e 3l abewg por Sl 00g ledal (S pole
dlcgl il lyezans gbgbulon oy
2 Qs g pyime by pled 5wl 5 SLAK
adllae opl Barssg b oS 550 glagls )ley

Dl o $,a8 58,5 5 ) Ken

References

1. Zendehdel R, Shetab-Boushehri SV, Azari MR, Hosseini
V, Mohammadi H. Chemometrics models for assessment
of oxidative stress risk in chrome-electroplating workers.
Drug and chemical toxicology. 2015; 38(2): 174-9

2. L G. ROS-induced DNA adducts in the rodents
after exposure to superfund hazardous chemicals. PhD
thesis 2011.

3. Jacob KD, Hooten NN, Trzeciak AR, Evans MK. Markers
of oxidant stress that are clinically relevant in aging and
age-related disease. Mech Ageing Dev 2013; 134(3-4):
139-57.

4. Cancer organization. [Online].; 2017 [cited 2017 April
31. Available from: https://www.cancer.org/treatment/
treatments-and-side-effects/treatment-types/radiation/
science-behind-radiation-therapy/types-ofradiation.
html

5. Kato S, Yoshimura K, Kimata T, Mine K, Uchiyama
T, Kaneko K. Urinary 8-hydroxy-2'-deoxyguanosine:
a biomarker for radiation-induced oxidative DNA
damage in pediatric cardiac catheterization. J Pediatr
2015; 167(6): 1369-74. el.

6. Barquinero J, Barrios L, Caballin M, Miro R, Ribas M,
Subias A, et al. Cytogenetic analysis of lymphocytes from
hospital workers occupationally exposed to low levels
of ionizing radiation. Mutation Research/Fundamental
and Molecular Mechanisms of Mutagenesis. 1993;
286(2): 275-9.

e



https://ioh.iums.ac.ir/article-1-2893-en.html

[ Downloaded from ioh.iums.ac.ir on 2025-08-24 ]

~DNA s5lup] sl 2 5:35T5201, slogip b i dgzs 5T

23.

24.

25.

F, Wang J, Zhao E Zhang Q, Lyu Y (2019) Serum
8-Hydroxy-2'-Deoxyguanosine Level as a Potential
Biomarker of Oxidative DNA Damage Induced by
Ionizing Radiation in Human Peripheral Blood. Dose-
Response, 17(1): 1559325818820649.

Sackett G. Radiation safety issues for radiologic
technologies .Presentation NewYork: Integrated Science
Support, Radiology safety. 2017.

Radiation Protection Guidance For Hospital Staff.
Prepared for Stanford Health Care, Stanford Children’s
Health and Veterans Affairs Palo Alto Health Care
System 2017.

Noda N, Wakasugi H. Cancer and Oxidative Stress.
JMAJ 2011; 44(12): 535-9.

20.

21.

22.

in peripheral lymphocytes of hospital workers
occupationally exposed to low doses of ionizing
Research/Fundamental — and
Molecular Mechanisms of Mutagenesis. 2004; 547(1-2):
91-9.

Silva R, Folgosa E Soares P, Pereira AS, Garcia R,
Gestal-Otero JJ, Tavares P, Gomes da Silva MDR (2013)

Occupational cosmic radiation exposure in Portuguese

radiation. Mutation

airline pilots: study of a possible correlation with
oxidative biological markers. Radiat Environ Biophys,
52(2): 211-20.

Rahimipour S, Javadi I. DNA damage in radiology staff.
14 th Congress of Toxicology 2017.

Gao Y, Wang P, Wang Z, Han L, Li ], Tian C, Zhaol


https://journals.sagepub.com/author/Zhao%2C+Fengling
https://journals.sagepub.com/author/Wang%2C+Jianpo
https://journals.sagepub.com/author/Zhao%2C+Fang
https://journals.sagepub.com/author/Zhang%2C+Qiao
https://journals.sagepub.com/author/Lyu%2C+Yumin
https://ioh.iums.ac.ir/article-1-2893-en.html
http://www.tcpdf.org

