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ABSTRACT

Objective: This study was conducted to investigate the effects of ionizing radiation (IR) and non-ionizing radiation (NIR) on oxidative 
stress and the total antioxidant status (TAS) in men working in radiation environments. 
Methods: The serum values of total oxidant status (TOS), malondialdehyde (MDA), and protein carbonyl (PC) in men exposed to radiation 
and a control group were determined. In addition, the values of the total antioxidant status (TAS) were measured in serum, and the oxidative 
stress index (OSI) was calculated to determine the oxidative stress. Data were analyzed by SPSS 20.0 (Chicago, IL, USA). 
Results: While the serum values of PC, MDA, TOS, and OSI were significantly higher in the IR group than in the control group, those of 
TAS were significantly lower (p<0.001, p=0.003, p<0.001, p<0.001, and p= 0.002, respectively). The serum values of PC, TOS, and OSI were 
significantly higher in the NIR group than in the control group (p<0.001, p=0.021, and p=0.010, respectively). In contrast, there were no 
significant differences in the values of TAS and MDA (p>0.05 and p>0.05, respectively) in the same groups.
Conclusion: Based on these results, we determined that it had been damaged the balance between oxidants and antioxidant status in 
the IR and NIR groups. This effect of oxidative stress may cause a lot of damage to cellular macromolecules including lipids, proteins, 
and DNA.
Keywords: Ionizing radiation, non-ionizing radiation, total oxidant status, malondialdehyde, protein carbonyl, total antioxidant status, 
oxidative stress index
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Introduction

The number of devices emitting electromagnetic (EM) waves has been continuously increases with the development of 
technology. These devices are present in airports, homes, schools, and hospitals (1).

The biological effects of EM radiation (EMR) vary depending on whether they are physical and particularly ionizing radia-
tion (IR). IR forms a high-energy photon or alpha particle, proton, and neutron current, which can be fatal (2). Non-IR 
(NIR), which has a lower energy than IR, does not cause lethal ionization of atoms and molecules (2, 3). X-ray devices, 
computed tomography devices, radio surgical instruments (Gamma Knife, Cyber Knife), some sterilizers, and ultraviolet 
lamps emit IR. Devices such as televisions, radio transmitters, photocopiers, mobile phone base stations, microwave ovens, 
computer monitors, and wireless connection devices (WiFi) emit NIR (2).

Some types of IR and NIR trigger the formation of free radicals in living organisms. These free radicals may occur directly 
in critical biomolecules or indirectly in water and biomolecules. The vast majority of the biological effects caused by IR 
are considered to occur because of free radicals in water (4). IR indirectly damages nucleic acids, proteins, and lipids by 
increasing the formation of free radicals via the radiolysis of water (5). The vast majority of cellular damage caused by IR 
occurs either with direct exposure to radiation or immediately thereafter. However, because reactive oxygen species (ROS) 
continuously increase owing to radiation exposure, oxidative damage can last for days or even months (6).



ROS include hydroxyl (OH), hydroperoxide (HO2.), su-
peroxide (O2.−) radicals, hydrogen peroxide (H2O2), and 
singlet oxygen (ıO2). The OH. radical that results from 
Fenton reactions is the most reactive among ROS. HO2. 
and O2.− can be transformed into the reactive OH. radical 
via Haber-Weiss reactions. H2O2 easily passes through the 
nuclear membrane and transforms into the OH. radical via 
the Fenton reaction in the nucleus. The OH. radical causes 
damage in the deoxyribose and phosphodiester bonds in 
DNA. Moreover, the OH. radical also causes single and 
double chain fractures in DNA (2). The OH. radical leads 
to the fragmentation and aggregation of proteins by af-
fecting the amino acid residues and prosthetic groups in 
enzymes. In addition, ROS disrupt the physicochemical 
properties of the cell membrane, causing lipid peroxida-
tion (7, 8).

Oxidative stress is the disruption of the balance between free 
radical formation and specific antioxidants that neutralize the 
free radicals. The increase in ROS in cells occurs within a pe-
riod ranging from a few minutes to a few hours after radiation 
exposure. The antioxidant production induced in the body af-
ter the increase in ROS attempts to reduce the harmful effects 
of ROS and restore the oxidative balance again (4).

As can be understood from the abovementioned data, IR and 
NIR cause protein, lipid, and DNA damage both directly and 
indirectly by increasing ROS. Using new and reliable meth-
ods, we aimed to investigate the oxidative damage caused by 
IR and NIR and investigate whether the antioxidants that are 
supposed to prevent this damage are in an equilibrium condi-
tion. 

Methods

Our study was conducted with three groups comprising 
eight people each. Our study groups were arranged as: the 
control group, a group that does not work in IR and NIR 
environments and is least exposed to radiation; the IR 
group, X-ray technicians working in an environment ex-
posed to IR; and the NIR group, photocopy workers work-
ing in a NIR environment for at least eight hours a day. 
After 8-12 h of overnight fasting, 5 mL of venous blood 
was taken and centrifuged at 3000 rpm. Serums were then 
placed in Eppendorf tubes and stored at −80°C until the 
time of operation. Written informed consent was received 
from each individual participating in the study. The ethics 
committee approval for the study was received from the 
ethics committee of Harran University School of Medi-
cine.

Total Oxidant Level (TOL)
Serum TOL levels were studied by means of existing diag-
nostic kits on the market (Rel Assay, Gaziantep, Turkey). 
According to this method, the oxidants in the serum con-
vert the ferrous ion to ferric ion. Ferric ions form a colored 
complex with xylenol orange in acidic medium. Glycerol ac-
celerates this reaction in the medium. The intensity of the 
color associated with the amount of oxidants present in the 

serum was measured spectrophotometrically. H2O2 was used 
as a standard, and the results were calculated as μmol H2O2 
equivalent/L (9).

Total Antioxidant Level (TAL)
Serum TALs were studied by means of available diagnos-
tic kits on the market (Rel Assay, Gaziantep, Turkey). Ac-
cording to this method; the Fe2 + -o-dianisidine complex 
forms the OH radical by providing a Fenton-type reac-
tion with hydrogen peroxide. This strongly ROS reacts 
with the colorless o-dianisidine molecule at low pH to 
form yellow-brown dianisidyl radicals. The O-dianisidyl 
radicals increase the color formation by involving the ad-
vanced oxidation reactions. However, the antioxidants in 
the samples stop the color formation by suppressing these 
oxidation reactions. After the samples were read spectro-
photometrically, the results were calculated as mmol trolox 
eqv./L (10).

Oxidative Stress Index (OSI)
For the calculation of OSI, which is an indicator of oxidative 
stress, TOLs and TALs were first calculated in μmol. Then, 
the OSI was calculated according to the formula of OSI 
(AU)=[TOL μmol/L)/(TAL μmol/L)]×100 (11). In short, it 
was obtained by dividing TOL by TAL.

Malondialdehyde (MDA)
The serum MDA levels were measured spectrophotometri-
cally using thiobarbituric acid reactive substances developed 
by Hedge et al. in order to determine the serum lipid peroxi-
dation (12). We used 1,1,3,3-tetraethoxypropane as the stan-
dard and calculated the results as nmol/mL.

Protein Carbonyl (PC)
The protein oxidation in the serum was studied with Cay-
man’s protein carbonyl measurement kit. The measurement 
method is based on the principle that the serum PC groups 
react with 2,4-dinitrophenyl hydrazine to form 2,4-dinitro-
phenylhydrazone. 

Statistical analysis
A Windows-compatible Statistical Package for the Social Sci-
ences 20.0 (SPSS Inc.; Chicago, IL, USA) package program 
was used for the statistical analysis. The data was evaluated 
with Kruskal-Wallis H. The Mann-Whitney U test was used 
for comparisons within the group. All data were calculated as 
mean±standard deviation. A p value of <0.05 was considered 
significant.

Results

The demographic data of the control, IR, and NIR groups are 
shown in Table 1. There was no significant difference among 
the groups in terms of age, gender, and body mass index 
(p>0.05). The oxidative stress parameters and antioxidant 
results are given in Table 2. The serum PC, MDA, TOL, and 
OSI levels were significantly higher in the IR group in com-
parison to the control group (p<0.001, p=0.003, p<0.001, 
and p<0.001, respectively). Serum TALs were significantly 
lower in the IR group than the control group (p=0.002). As 
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seen in Table 2, the serum PC, TOL, and OSI levels were 
significantly increased in the NIR group compared to the 
control group (p<0.001, p=0.021, and p=0.010, respective-
ly), but the increase in the MDA level was not significant 
(p>0.05). Serum TALs were lower in the NIR group than in 
the control group, like the IR group, but it was found that 
this decrease was not significant (p=0.083). There was no 
significant increase or decrease in the serum PC level, MDA 
level, TOL, OSI value, and TAL between the IR and NIR 
groups.

Discussion

In tissues exposed to radiation, the oxidant/antioxidant 
balance is distorted, and macromolecules such as protein, 
DNA, and lipids, which are the basic building blocks of 
cells, undergo oxidation (14). Although radiation-based 
technologies are currently relatively safe and efficient and 
radiation sources are tightly controlled, people are exposed 
to IR during many routine activities in modern life (15). 
IR causes cell damage either directly by affecting the target 
molecules or indirectly by increasing the formation of the 
OH•, HO2• and O2•− radicals that cause dysfunction and 
death of cells (16). 

To determine whether IR and NIR cause protein oxidation 
and lipid peroxidation by increasing ROS, OSI values were 
calculated by determining the PC level, MDA level, TOLs, 
and TALs in blood plasma. While serum TALs were sig-
nificantly lower in the IR group than in the control group 
(p=0.002), a significant increase was observed in the PC level, 
MDA level, TOL, and OSI value compared with the control 
group (p<0.001, p=0.003, p<0.001, and p<0.001, respective-
ly, Table 2). These findings indicate that free oxygen radicals 

increase and antioxidant levels decrease in the IR group and 
that the oxidative balance is impaired. These observations are 
consistent with those of previous studies.

We are constantly exposed to EM NIR via wireless inter-
net, mobile phones, computers, some medical devices, and 
many other electronic devices. The difference between NIR 
and IR is that NIR does not have enough photon energy 
to break off electrons from atoms and molecules and break 
chemical bonds. There are several mechanisms that explain 
the biological effects of EMR in various tissues. However, 
the molecular mechanisms remain to be completely ex-
plained (17). One of the most appropriate hypotheses is 
the impairment of the normal balance between the antioxi-
dant defense capacity and oxidative stress. Oxidative stress 
refers to the production of free radicals in the cell and the 
imbalance among the cell defense mechanisms. ROS are 
radicals that cause oxidative damage to molecules such as 
lipids, proteins, nucleic acids, and other cellular structures 
(18). As seen in Table 2, while no significant difference was 
found between the NIR and control groups in terms of se-
rum TALs (p=0.083), PC levels, TOLs, and OSI values sig-
nificantly increased in the NIR group (p<0.001, p=0.021, 
and p=0.010, respectively).

Conclusion

As a result, it was determined that the antioxidant status 
values decreased and ROS values increased in the IR and 
NIR groups, especially in the IR group. For this reason, 
it has been thought that the increased oxidative stress 
may cause damage in cellular proteins, lipids, and DNA 
by disrupting the oxidative/antioxidant balance in people 
exposed to radiation. Although the number of our cases 
is low, it has been concluded that it may be advisable to 
consume antioxidant-rich foods or drugs prescribed by 
specialist physicians in this area to reduce increased oxida-
tive damage and the harmful effects of free radicals when 
exposed to IR and NIR. In addition, it may be helpful for 
relevant organizations to give radiation safety training at 
regular intervals to the people who work in areas exposed 
to radiation. Taking the necessary precautions is important 
and can be done by taking radiation measurements at regu-
lar intervals in the fields they work. 

Table 2. TALs and OSI values of the control, IR, and NIR groups

 Control (n=8) IR (n=8) NIR (n=8) p values

PC (nmol/mg protein) 1.00±0.45 4.79±1.68¥ 3.29±1.07 Ƹ <0.001

MDA (nmol/mL) 13.51±3.27 20.37±3.44¥ 16.24±3.52  0.011

TOL (µmol H2O2 eqv./L) 7.37±1.71 11,65±1.22¥ 9.84±3.31 Ƹ 0.004

TAL (mmol trolox eqv./L) 1.28±0.14 0.87±0.27¥ 1.01±0.38  0.026

OSI (arbitrary unit) 0.58±0.16 1.49±0.58¥ 1.14±0.58 Ƹ 0.002

IR: ionizing radiation; NIR: non-ionizing radiation; PC: protein carbonyl; MDA: malondialdehyde; TOL: total oxidant level; TAL: total antioxidant level; OSI: 

oxidative stress index 

¥: There is a significant difference between the IR and control groups. 

Ɛ: There is a significant difference between the NIR and control groups.

Table 1. Kontrol, İR ve NİR gruplarının demografik verileri

 Control (n=8) IR (n=8) NIR (n=8) p values

Age (year) 25.1±3.9 30.1±5.0 26.2±5.3 ns

BMI  
(weight/height2) 24.0±2.9 24.5±3.6 24.9±3.5 ns

BMI: body mass index; Ns: not significant; IR: ionizing radiation; NIR: non-

ionizing radiation
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