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Medical radiation workers (MRWs) are chronically exposed to low doses of ionizing radiation which has 
been reported to cause deleterious health effects resulting from oxidative stress. N-acetyl cysteine (NAC) 
is the promise choice for treating disorders resulting from excessive production of reactive oxygen 
species (ROS). The aim of the present study was to investigate the role of NAC in protecting medical 
workers occupationally exposed to low doses of ionizing radiation (IR) via detecting some oxidative 
stress markers and comparing the results with controls. The studied participants were divided into 
healthy MRWs administered NAC effervescent 600 mg, as a radioprotector (n=50) and healthy non-
radiation workers as control group (n=50). Two blood samples were taken from MRWs; before and 
after taking of NAC and one blood sample from the control group to detect reduced erythrocyte 
glutathione (GSH), plasma malondialdehyde (MDA) and advanced oxidation protein products (AOPPs).  
Erythrocyte GSH levels were significantly decreased in MRWs group compared tothe control group and 
significantly increased after oral administration of NAC. Plasma levels of MDA and AOPPs in MRWs 
group were significantly increased than control group, while their levels were significantly reduced after 
taking NAC. These findings suggest using of NAC as a promising radioprotector for medical workers 
occupationally exposed to low dose of IR to reduce the resulted oxidative stress. 
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Introduction 
Ionizing radiation (IR) has a double edged sward. 
Although the use of X-rays made a revolution in 
the diagnosis of many diseases and are applied in 
the treatment of cancer. However, persistent 
exposure to low radiation doses has been found to 
cause deleterious health effects [1, 2]. 
Healthcare radiation workers are exposed to low 
doses of IR from different sources, including 
diagnostic x-rays and more medical devices [1] 

.The risk of cardiovascular diseases, cataract of the 
eyes, lung disease and variety of cancers has been 

reported as a result of chronic exposure to low 
dose of IR [3,4] . The estimation of cancer risk in 
female radiation workers were higher than male 
(391.2/100,000 and 264.4/100,000, respectively) 
[5]. 

The main cause of the harmful effect of IR is the 
formation of reactive oxygen species (ROS) 
through radiolysis of water molecules which 
subsequently oxidize macromolecules including 
DNA, proteins and lipids that leads to increase in 
the oxidative stress and genomic instability that 
leads to many pathological diseases [6]. 
Cellular oxidative stress depletes reduced 
glutathione (GSH), which is associated with many 
pathological disorders. It is a crucial protecting 
molecule in cells against damage of free radicals as 
it may act as a substrate or cofactor of antioxidant 
enzymes and as a perfect radical trapping [7]. 
Reactive oxygen species disrupt membrane 
structure and function via oxidative damage of 
polyunsaturated fatty acids found in the cell 
membranes and also produces potentially 
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mutagenic and carcinogenic byproducts.  
Malondialdehyde (MDA) is one of the cytotoxic 
products of lipid peroxidation, which was 
increased in the hospital workers exposed to low 
doses of radiation [6, 8].  
Reactive oxygen species are naturally formed 
inside the cells but in lower concentrations as they 
act as regulators of the cellular functions. 
However, the overwhelming accumulation of ROS 
induced by continuous exposure to IR disrupts the 
balance between pro-oxidant and antioxidant 
mechanisms which leads to oxidative cellular 
damage [6]. 
Cumulative production of ROS induces oxidative 
damage to proteins. ROS has high affinity to react 
with sulfur-containing amino acids and proteins 
containing metal ions causing reversible and 
irreversible damage. This damage is reflected by 
increased levels of advanced oxidation protein 
products (AOPPs)  [9, 10] . 
Thus, there is a need for a radioprotector to 
suppress ROS production and conserve the pro-
oxidant and antioxidant balance to reduce the 
hazards of chronic exposure to IR.  
N-acetyl cysteine (NAC) is a universal cheap drug 
and has been used since 1960 [11]. It has been 
used as a therapeutic option in many disorders 
including respiratory, renal and psychiatric 
diseases and also used in the treatment of male 
infertility and polycystic ovary syndromes.  It has 
been used as antidote to acetaminophen overdose. 
[7, 12-15] It was approved by the Food and Drug 
Administration and used as a dietary antioxidant 
supplement. It is a small thiol molecule that protect 
healthy cells against radiation induced genotoxicity 
[16]. 
N-acetyl cysteine is a promising choice for treating 
disorders resulting from excessive production of 
ROS as it has the ability to scavenge free oxygen 
radicals and eliminate ROS. It enhances the levels 
of reduced GSH and glutathione S-transferase 
activity [17]. It restitutes impaired targets in vital 
cellular components through hydrogen donation 
from -SH [16]. 
The present study was designated to investigate the 
role of N-acetyl cysteine in protecting medical 
workers occupationally exposed to low doses of 
ionizing radiation via detecting some oxidative 
stress markers and comparing the results with 
controls. 
 
 

Materials And Methods 
This study was performed from December 2017 to 
August 2018 and it included 100 healthy workers 
that were divided into two groups according to 
exposure to radiation:  
 
Group I: 50 healthy medical workers 
occupationally exposed to radiation were selected 
from diagnostic radiology departments from many 
hospitals and radiology centers. They received N-
acetyl cysteine effervescent 600 mg (SEDICO 
Pharmaceutical Co.) as a radioprotector, two times 
a day for two months. Group II: 50 healthy non-
radiation workers as a control group (matched age 
and sex with group I) and they were chosen from 
the same hospitals but did not have any work 
related to IR exposure.  
 
Two peripheral blood samples were assembled 
from group I, one sample was taken before intake 
of NAC and the other after two months. Only one 
sample was drawn from the workers of the second 
group.  Each worker included in the study was 
asked to freely volunteer and an informed written 
consent was gathered from each one prior to 
inclusion in the study protocol. This study protocol 
was approved by the Ethical Guidelines of the 
Medical Research Institute, Alexandria University, 
Egypt. 
 
Inclusion criteria 
The selected workers should have no viral or 
bacterial infections, no malignant tumors, no 
severe chronic diseases, no serious tobacco 
dependence, and non-alcoholic habits.  
 
Blood sampling and biochemical analysis 
Each collected blood sample was divided into three 
tubes containing ethylenediaminetetraacetic acid 
(EDTA). Erythrocytes in the first tube was lysed to 
prepare GSH. The other two blood tubes were 
centrifuged at 3,000 rpm for 10 min at 4°C then 
the plasma was pipetted off and stored on ice until 
assaying or freezed at -80°C to assess AOPPs and 
MDA.  
Reduced GSH and MDA were measured by 
Colorimetric method kit (Bio-diagnostic, Giza, 
Egypt). AOPPs was detected by an Enzyme-linked 
Immunosorbent Assay (ELISA) (MyBiosource, 
Inc., USA). 
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Statistical analysis 
Data were analyzed using IBM SPSS software 
package version 20.0. The Kolmogorov-Smirnov 
test was utilized to verify the normality of 
distribution. Quantitative data were described 
using median, mean and standard deviation. 
Significance of the obtained results was judged at 
the 5% level. Student t-test and Mann Whitney test 
were used to compare between two studied groups. 
Paired t-test and Wilcoxon signed ranks test were 
utilized for to compare between two periods (18, 19).  
 
Results 
Study participants 
Table (1) showed information regarding age, sex, 
working hours per week, duration of exposure, and 
average annual effective dose of medical radiation 
workers (MRWs). The mean age of the control 
group was approximately the same as the MRWs 
group (41.6 ± 5.7 and 41.9±4.8 years, 
respectively). Most of the workers were male 
(86%). Analysis of the data showed that all MRWs 
average annual effective doses were below the 
annual permissible limit of 20 mSv prescribed by 
International Commission 
on Radiological Protection (ICRP). Nutritional 
style was not included in our analysis as all the 
participants were non-vegetarian and none of the 
study included subjects had a particular dietary 
habit. 
 

The medical radiation workers group were 
subdivided into three subgroups according to their 
working sectors; conventional radiology (CR), 
interventional radiology (InR) and computed 
tomography (CT) subgroups. Analysis of the data 
showed that about half of workers were employed 
in the CR sectors, while the minority of them were 
working in the InR sectors and approximately one 
third were in the CT sectors; 48, 16 and 36%, 
respectively. The data displayed that  the least 
average annual effective dose was found in the CR 
subgroup (0.2 ± 0.14 mSv) and it was significantly 
lower than both the InR and the CT subgroups.  
However, the highest average annual effective 
dose was in the InR subgroup and it was 
significantly higher than the CT subgroup. It was 
observed that the average annual effective dose for 
the CR and the CT subgroups was lower than 1 
mSv, Table 2.  
 
Comparison between both groups 
The medical radiation workers group showed a 
significant decrease in GSH levels when compared 
to the control group with marked differences 
among the occupational setting subgroups (P˂ 
0.001) and the least levels were found in InR 
subgroup. A significant difference was found 
between CR and InR subgroups (0.03 ± 0.02 and 
0.01 ± 0.01 mmol/L, respectively, P= 0.037), while 
no significant differences were found between CT 
versus CR and InR subgroups (P>0.05), Table (3), 
Figure (1). 

 
Table (1): Information of Medical radiation workers 

Parameters Min. – Max. Mean ± SD 
Age (year) 31 – 54 41.6 ± 5.7 
Hours/week (Hr) 10 – 80 46.6 ± 19.1 
Duration of Exposure (year) 10 - 31 20.3 ± 5.4  
Average annual effective dose (mSv/y) 0.05 – 5.5  1.00 ± 1.36 
 
 

Table (2): Classification of  Medical radiation workers and their average annual effective doses. 
Parameters Radiation exposed workers 

CR CT InR 
No. (%) 24 (48.0%) 18 (36.0%) 8 (16.0%) 
Average annual 
effective dose 
(mSv/y) 

Min. – Max. 0.05 - 0.47 0.22 – 2.20 2.74 – 5.5 
Mean ± SD 0.2 ± 0.14 0.87 ± 0.67 3.7±1.11 
median 0.15 0.61 3.4 

Probability P1 
P2  <0.001** <0.001** 

<0.013** 
CR: Conventional radiology; CT: Computed tomography; InR: Interventional  radiology P1: significance when comparing 
with Conventional radiology, P2: significance when comparing with Computed tomography.  **: Statistically significant at 

P < 0.01 
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However, GSH levels were significantly increased 
after oral administration of NAC (600 mg) twice 
daily for two months when compared to the 
MRWs group and subgroups before administration 
of this drug (P<0.05) and insignificantly increased 
than control (P>0.05), Table (3) and Figure (1). 
In this study, a significant increase in the levels of 
MDA and AOPPs in MRWs group was found 
compared to the control (P˂0.001). Taking a closer 
investigation of the occupational setting 
subgroups, a significant difference was observed 
between the InR subgroup and the CR and CT 
subgroups (4.7±0.27, 2.6±0.38, 3.90±0.40 
nmol/ml, 302.25±7.50, 62.00±19.23, and 
147.89±80.33 µmol/L, respectively, P˂0.01).  
Also, The CT subgroup displayed a significant 
increase in the levels of MDA and AOPPs when 
compared to CR subgroup (P˂0.01), Table (3) and 
Figure (1). 
While MDA and AOPPs levels were significantly 
reduced after oral administration of NAC when 
compared to MRWs group and subgroups before 
receiving this drug (P˂0.001) and insignificantly 
decreased versus control group (P>0.05). The 
highest MDA and AOPPs levels were observed in 
the InR subgroup, but the lowest levels were 
detected in the CR subgroup, Table (3) and Figure 
(1). 
 
Discussion 
In the current research, it was the first time, to 
observe an increase in erythrocyte GSH and 
decrease in plasma MDA and AOPPS levels in 

medical radiation workers after oral administration 
of NAC. Many previous studies reported a 
decrease in GSH levels in MRWs group and were 
agreed with our result [20-26].  Interventional 
radiology workers subgroup showed lower GSH 
levels than the CR and CT workers subgroups. 
This decline in GSH levels was resulted from the 
increase of the reactive oxygen radicals that 
produced from chronic exposure to IR. [27]   
Durovic B et.al. [28]  disagreed with our results as 
they found no change in the levels of reduced 
glutathione between MRWs group and control 
group. This disagreement may be due to the 
difference in examined groups between the two 
studies and also the alteration in the radiological 
procedures, machines and the used protocol [28].   
 
NAC treatment was used to overcome the decrease 
in the antioxidant capacity that was induced by IR 
chronic exposure since it is one of the frequently 
used antioxidant drugs, safe and well tolerated 
supplementary medication without any 
considerable side effects. It has been used in 
clinical field for more than four decades. NAC has 
a powerful influence on diseases and states 
characterized by the production of free oxygen 
radicals. It protects mice from gastrointestinal 
death after abdominal irradiation where 
administration of NAC restored mice’s duodenal 
structure exposed to 20 Gy and mitigated the life 
shortening induced by chronic exposure to low 
dose rate of radiation in mice [7, 20, 29-31]. 
 

Table (3): Comparison between the control and the medical radiation workers before and after administration of NAC 
Biochemical 
Parameters Control radiation exposed workers Probability 

Before After P1 P2 P3 
GSH (mmol/L)       

Min. – Max. 0.04-0.98 0.002–0.05 0.05–0.13 U=8.00* U=181.0 Z=4.372* 
Mean ± SD. 0.14±0.20 0.02±0.02 0.08±0.02 <0.001*** p =0.115 <0.001*** 
Median 0.10 0.01 0.08    

MAD (nmol/ml)       
Min. – Max. 0.73-2.92 2.057–5.01 0.38–2.37 t=6.923* t=2.007 t=10.655* 
Mean ± SD. 1.72±0.63 3.40 ±0.93 1.34±0.50 <0.001*** 0.053 <0.001*** 
Median 1.69 3.32 1.46    

AOPPs  (µmol/L)       Min. – Max. 10.0-75.00 23.0 – 306.00 10.0 – 292.00 U=104.50* U=219.0 Z=3.823* 

Mean ± SD. 46.95±18.02 131.52±106.6
5 64.21±61.05 0.004*** 0.825 <0.001*** 

Median 50.0 75.0 43.0     U: Mann Whitney test,   t: Paired t-test, Z: Wilcoxon signed ranks test, P1: p value for comparing between 
control and before groups, P2: p value for comparing between control and after groups, P3: p value for 
comparing between before and after group.  *: Statistically significant at P < 0.05, ***: Statistically significant at 
P < 0.001 
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GSH levels in MRWs supported with oral 
administration of NAC (600 mg) twice daily for 
two months were significantly increased by 4.6 
times than before administration of NAC. This 
showed the protective effect of NAC as it 
stimulates reduced glutathione biosynthesis and 
acts as –SH donor [17, 23, 29-35]. Kasperczyk S 
et.al. [25]  dedicated that administration of NAC 
400 and 800 mg of NAC for 12 weeks could 
decrease oxidative stress in workers exposed to 
lead by increasing GSH synthesis and also 
Kuyumcu et.al. [24] and Holmay MJ. et.al. [26] are 

agreed with the present results. 
  
The levels of MDA in the MRWs group were 
significantly higher(100%) than the control group 
and as the average annual effective dose increased 
the MDA levels increased which observed in the 
different MRWs subgroups (CR, CT and InR). 
These results are in agreement with many previous 
studies which stressed that chronic exposure to low 
doses of IR caused an increase in the oxidative 
stress molecules as MDA which is the most 
mutagenic product that resulted from peroxidation 
of lipids when ROS oxidizes lipids and leading to 
tissue damage and cell membrane damage. This 
harmful effect is the molecular base for disruption 
of signal transduction, gene expression and 
regulation of cell functions involved in apoptosis, 
adaptation and genomic instability which are 
directly associated to carcinogenesis[7, 27, 36]. 
 
 Oral effervescent of NAC significantly reduced 
MDA levels in MRWs group by 2.5 times than 
before giving this drug. This decline represented 
the role of NAC in detoxification, as it acts directly 
as a free radicals scavenger by increasing GSH 
levels and a lot of the previous studies were 
consistent with our results [16, 17, 28, 29, 33, 37]. 
  
Excessive ROS accumulation results in the 
formation of AOPPs through oxidative stress by 
the interaction between plasma proteins, mainly 
albumin, and chlorinated oxidants. AOPPs is a 

protein oxidative marker [9, 10, 38, 39]. The levels 
of AOPPs in the MRWs group were significantly 
higher than the control group (2.8 times). AOPPs 
levels in the InR subgroup were 2 times and 4.9 
times higher than CT and CR subgroups, 
respectively. The alterations in these biochemical 
markers between MRWs and non- radiation 
workers have reflected the potential health 
problems that raised from persistent exposure to 
low doses of IR in radiology technicians.  
 
The levels of AOPPs were significantly decreased 
to half its value after using NAC. This reduction in 
AOPPs levels displayed the radioprotective effect 
of NAC by repressing ROS generation induced by 
IR [27]. Also, the results of Lazárová M, et. al. 
[40]  were in agreement with the current results as 
they reported that serum AOPPs  was significantly 
fallen after oral administration of 600 mg NAC for 
20 days. 
 
Conclusion 
Prolonged exposure to low doses of IR caused an 
increase in the oxidative stress which was reflected 
in decreasing in erythrocyte GSH and increasing in 
plasma MDA and AOPPs levels. NAC ameliorated 
oxidative stress by eliminating ROS through 
increasing GSH levels and decreasing MDA and 
AOPPs levels.  
 
Further studies will be needed on larger number of 
workers and study other biochemical and 
molecular markers to confirm the role of NAC in 
protecting medical radiation workers. 
   
Furthermore, increasing the awareness about the 
dangerous effects of low doses of ionizing 
radiation among MRWs and regular monitoring by 
periodic health examination is necessary. 
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Figure (1): Comparison between medical radiation workers subgroups before and after administration of NAC. (A) 
Glutathione (mmol/L). (B) Malondialdehide (nmol/ml). (C) Advanced oxidation protein products (µmol/L) 
*: Statistically significant at P < 0.05, **: Statistically significant at P < 0.01, ***: Statistically significant at P < 
0.001 
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