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Abstract
Background and aims: Gamma radiation is widely being used in medical-imaging centers. The aim of this study was to measure possible 
alterations in serum zinc and selenium levels among nuclear medicine staff. 
Methods: This cross-sectional study was carried out on 30 nuclear medicine staff as well as on 10 individuals as the control group. 
Blood samples (20 mL) were obtained from the participants and the serum specimens were isolated by centrifugation at 4000 rpm for 7 
minutes. The samples were then used for measurement of zinc and selenium levels. Zinc and selenium levels were measured using atomic 
absorption spectroscopy (AAS) with a graphite furnace. The mean serum levels of zinc and selenium were compared using SPSS.   
Results: The mean level of zinc in the radiated group (70.91±14.46 μmol/L) was significantly lower than that in the control group 
(89.75±17.35 μmol/L) (P = 0.002). A negative significant correlation was found between the duration of exposure to radiation and zinc 
levels (P = 0.005). Furthermore, a negative significant relationship was observed between the mean radiation dose after 5 years and zinc 
concentration (P = 0.019). Non-significant difference was found in the mean level of selenium between control (1.71±0.35 μmol/L) and 
radiation (2.13±1.12 μmol/L) groups. Furthermore, no significant correlation was found between selenium level and exposure time.        
Conclusion: Based on the results, declined level of zinc can be considered as one of the possible mechanisms caused by gamma radiation 
on cells which may be associated with oxidative damage. Therefore, zinc therapy can be helpful for those who work at medical radiation 
centers; however, it merits further studies. 
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Introduction
Live organisms are nowadays exposed to numerous 
radiation sources, including nuclear testing, nuclear 
products, and medical treatments in the medical centers. 
This exposure to radiation exerts many destructive effects 
on cells. The ionizing radiation, through the excitement 
of atoms and molecules, leads to irreversible damage to 
cells, which vary in size depending on radiation dose and 
duration (1,2).

Recent investigations have found that high energy of 
ionizing radiation such as gamma rays generates highly 
reactive radicals, such as hydroxyl free radicals (OH•), from 
breaking up of water molecules inside the cell that has a 
high destructive effect on cells (3-5). In view of the fact 
that these radicals have unpaired electrons, then they are 
highly reactive and easily attack cellular macromolecules 
such as lipids, proteins, DNA, and enzymes which cause 
severe cell damage and cell death (3). However various 
studies have highlighted the destructive effects of gamma 
rays on the body, though its molecular mechanisms are not 
well-known yet. It seems that evacuation or reduction in 
the concentration of some of the essential elements of the 
body accounts for one of the possible mechanisms of the 

destructive effects of gamma rays on cells, among which 
the role of zinc and selenium is of great importance (4). 

Zinc is one of the essential elements in the body, which 
not only has a high antioxidant property but is vital for the 
function of many proteins, including metalloenzyme and 
zinc-finger protein, which is highly demanded for zinc-
transcriptional factors (6,7). A number of previous studies 
have shown that zinc is required for many physiological 
processes including growth, neuronal function, 
reproduction, and immune system (5). Zinc deficiency, in 
this regard, has been implicated in a wide range of diseases, 
including immune system disorders, lymphopenia, 
intrinsic immunity, and increased infectious diseases (8,9). 
Selenium is the other essential element demanded for the 
body. It plays a very leading role in collecting reactive 
oxygen species (ROS), while it contributes as a co-factor to 
the structure of glutathione peroxidase (GPX), which is an 
antioxidant enzyme (7). Considering the very important 
antioxidant properties of zinc and selenium as well as the 
effects of gamma irradiation on oxidative stress, it seems 
that reduction in the concentration of these elements can 
be considered as one of the factors driving the destructive 
effects of gamma rays on the body. Given the importance 
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of zinc and selenium, their measurement can therefore 
provide useful information about normal metabolic 
reactions to ionizing radiation in the body. 

For example, studies in individuals exposed to low 
X-radiation doses have shown a significant relationship 
between levels of blood elements and structural changes 
in hair and nails (6). In addition, studies in animals 
exposed to X-rays and gamma rays indicate a change in 
plasma and tissue levels of detectable elements (10,11). So 
far, limited studies have investigated the effects of these 
radiations, in particular, gamma rays on plasma levels of 
zinc and selenium in Iran and in most parts of the world, 
especially in individuals who are in constant contact with 
gamma rays; the results of those studies are somewhat 
contradictory. The studies of Shahbazi-Ghahrouei et al (2) 
and Ebrahiminia et al (12) are such examples. Shahbazi-
Ghahrouei et al showed that chronic radiation can disturb 
the absorption and excretion mechanisms by reducing 
the concentration of some essential elements of the body, 
especially zinc, copper, iron, and magnesium. The authors 
observed a significant decrease and a significant increase in 
zinc and copper concentrations, respectively, in the serum 
of the radiology and radiotherapy workers, while they did 
not observe any significant difference in the concentration 
of iron and magnesium elements (2). Given the fact that 
nuclear medicine experts are always in contact with low 
doses of gamma radiation, the aim of this study was to 
investigate the possible changes of zinc and selenium 
elements in serum samples of nuclear medicine experts. 
In this regard, this study may increase knowledge about 
the effect of radiation on essential elements and their 
physiological outcomes on the human body on one hand 
and suggestion of solutions to counteract and treat it on 
the other hand.

Materials and Methods
This cross-sectional study was carried out on 30 radiologists 
who had at least 5 years of work experience, as well as on 
10 subjects (as control group) who were not exposed to 
radiation, during the spring and summer of 2017 at the 
Baqiyatallah Hospital, Tehran. Sample size was calculated 
based on previous studies (10). The subjects in both 
control and radiation groups were similar in age (28-68 
years), gender (60% male and 40% female), and weight 
(55-100 kg). Before the study, a questionnaire containing 
demographic information of the individuals, the history 
of a specific illness, the use of drugs or the use of certain 
drugs was prepared and completed by the subjects. The 
members of the radiation group were selected based on 
the following criteria: 1) the history of exposure to gamma 
rays; 2) the specific radiation dose received; 3) those 
working in the nuclear medicine department who had 
a direct association with gamma radiation; and 4) those 
who entered the study with personal consent. People who 
were taking zinc or selenium supplements were excluded 

from the study. The subjects completed and signed an 
informed consent form. About 20 mL of peripheral blood 
samples were obtained from the subjects in both groups, 
according to a standard method. The blood serums 
were then separated by centrifugation (EBA21, Hettich, 
Germany) at 4000 rpm for 7 minutes, transferred to 15 
mL falcons, and stored for further experiments at 20°C. 
Zinc and selenium concentrations were measured using 
atomic absorption spectrometry (AAS) with graphite 
furnace (GBC-GF500, Australia). To measure the zinc, 
0.1 mL of HCl solution was added to 1 mL of serum 
sample to reach a volume of 5 mL and then the solution 
was centrifuged at 7000 rpm for 2 minutes. To measure 
the selenium element, trichloroacetic acid was applied to 
the sediment of macromolecules and proteins. Then, the 
supernatant was removed and the injectable device and 
and the concentration of desired element was measured.
Measurements were performed 5 times for all specimens. 
The results of this study were analyzed using SPSS 
software (version 22.0). The mean of quantitative data 
was analyzed using descriptive test and indicated as mean 
± SD. Crosstabs were used to determine the percentage 
and number of parameters. Chi-square test was used to 
compare the number or percentage of parameters between 
the two groups. In addition, t test was used to compare 
the mean of data including the concentration of elements 
between the control and radiation groups. The relationship 
between the concentration of the elements and other 
parameters was investigated by Pearson r correlation. 
In this study, the P value less than 0.05 was considered 
statistically significant. 

Results 
The demographic data of the two control and radiation 
groups are summarized in Table 1. The mean age of the 
subjects in the control and the radiation groups was 
37.37% and 41.83 ± 10.38%, respectively. There was 
no significant difference between the two groups (P = 
0.171) regarding their age. In both groups, approximately 
40% were female and 60% were male. Moreover, there 
was no significant difference in mean weight between the 
two groups (P = 0.29). The mean exposure time in the 
radiation group was 6.76 ± 2.04 years and the radiation 
dose after 5 years was 21.63 ± 18.61 millisieverts. There 
was no significant difference between the two groups in 
terms of other parameters, including smoking, use of illicit 
drugs, and exercise. 

In the control group, however, 20% had alcohol 
addiction, which was significantly different from the 
radiation group (P = 0.012). Furthermore, there was a 
significant difference in milk intake between the two 
groups (P = 0.01). In one study conducted in Egypt, 90% 
of the control people were using daily milk, while only 
43.33% of the subjects in the radiation group had a habit 
of daily milk consumption (Table 1). Information on the 
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history of specific diseases such as heart disease, thyroid 
dysfunction, hypertension, cancer, digestive problems, 
hyperlipidemia, anemia, diabetes, and skin diseases in 
two groups of control and radiation are summarized in 
Table 2. There was no significant difference between the 
two groups in terms of the history of the disease. The 
mean concentrations of zinc and selenium in the control 
and radiation groups are shown in Table 3. The mean 
concentrations of zinc in the control and radiation groups 
were 89.75 ± 17.35 μmol/L and 70.91 ± 14.46 μmol/L, 
respectively, which were significantly different (P=0.002). 
No significant difference was observed in the mean 
concentrations of selenium in the control and radiation 
groups (P = 0.34). 

Furthermore, in this study the mean concentrations 
of zinc and selenium were compared between male and 
female groups as shown in Table 4. Male and female 
groups were not significantly different regarding mean 
levels of zinc (P = 0.6) and selenium (P = 0.74). An 
inverse significant correlation was observed between 
the zinc concentration and the duration of exposure to 
radiation. Hence, the long-term radiation exposure was 
significantly associated with lower zinc levels (P = 0.005) 
(Figure 1). No significant correlation was found between 
the concentration of selenium element and the duration of 
exposure to radiation (P = 0.71). 

Moreover, the concentration of these elements was 
analyzed regarding the radiation dose in 5 years. The 

results showed that there was a significant inverse 
association between the radiation dose after 5 years (P = 
0.019) and zinc concentration (Figure 2). However, no 
significant correlation was found between the radiation 
dose after 5 years and the concentration of selenium (P = 
0.52). The relationship between mean concentrations of 
zinc and selenium and other demographic parameters as 
well as disease history was also investigated. A significant 

Table 1. Demographic data of the control and radiation groups

Parameters
Control group
(n=10) (25%)

Radiation group
(n=30) (75%)

P value

Age (y) 37.0 ± 5.77 41.83 ± 10.38 0.171

Sex 0.85

Male 6 (60) 17 (56.66)

Female 4 (40) 13 (43.33)

Weight (kg) 79.9 ± 6.43 75.36 ± 12.83 0.293

Exposure time (y) - 6.76 ± 2.04 -

Radiation dose after 5 
years (millisievert)

- 21.63 ± 48.61 -

Smoker 0.058

Yes 3 (30) 2 (6.63)

No 7 (70) 28 (93.33)

Alcohol consumption 0.012

Yes 2 (20) -

No 8 (80) 30 (100)

Use of illicit drugs 0.4

Yes 0 2 (6.33)

No 10 (80) 28 (93.33)

Exercise 0.27

Yes 4 (40) 18 (60)

No 6 (60) 12 (40)

Milk consumption 0.01

Yes 9 (90) 13 (43.33)

No 1 (10) 17 (56.66)

Table 2. Disease records of control and radiation groups

Parameters
Control group
(n=10) (25%)

Radiation group
(n=30) (75%)

P-value

Heart disease 0.4

Yes 0 2 (6.66)

No 10 (100) 28 (93.33)

Thyroid disorder 0.16

Yes 0 5 (16.66)

No 10 (100) 25 (83.33)

Increased blood pressure 0.16

Yes 0 5 (16.66)

No 10 (100) 25 (83.33)

Cancer -

Yes 0 0

No 10 (100) 30 (100)

Digestive problems 0.29

Yes 0 3 (10)

No 10 (100) 27 (90)

Hyperlipidemia 0.6

Yes 2 (20) 4 (13.33)

No 8 (80) 26 (86.66)

Anemia 0.4

Yes 0 2 (6.66)

No 10 (100) 28 (93.33)

Diabetes 0.29

Yes 0 3 (10)

No 10 (100) 27 (90)

Skin diseases 0.079

Yes 1 (10) 0

No 9 (90) 30 (100)

Table 3. Zinc and selenium concentrations in the blood serums of control 
and radiation subjects

Parameters
Control group

(n=10)
Radiation group

(n=30)
P value

Zinc (µmol/L) 89.75 ± 17.35 70.91 ± 14.46 0.002

Selenium (µmol/L) 1.71 ± 0.35 2.13 ± 1.12 0.34

Table 4. Zinc and selenium concentrations in blood serums of men and 
women

Parameters
Male group
23 (76.66)

Female group
17 (56.66)

P value

Zinc (µmol/L) 76.84 ± 17.32 73.97 ± 17.24 0.6

Selenium (µmol/L) 1.96 ± 0.93 2.1 ± 1.1 0.74
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positive correlation (P = 0.038) was found between 
selenium concentration and age in the subjects (Figure 
3), so that selenium concentration was higher in blood 
serums of older subjects. While, no relationship was 
observed between age and zinc concentration. Although 
no significant correlation was seen between zinc and 
selenium concentrations and other parameters, there was 
a significant difference in zinc concentration between the 

Figure 1. Relationship between exposure time to gamma rays and 
zinc concentration 
Note: There was an inverse significant correlation between zinc 
concentration and exposure to radiation (P = 0.005).

Figure 2. Relationship between exposure time to gamma rays over 
5 years and zinc concentration 
Note: There was an inverse significant relationship between zinc 
concentration and exposure to radiation after 5 years (P = 0.019).

Figure 3. Relationship between age and selenium concentration. 
Note: There was a significant positive correlation between age and 
selenium concentration (P = 0.038).

subjects with thyroid problem (61.5 ± 11.86) and those 
with no thyroid problem (77.64 ± 16.99) (P = 0.047).

Discussion
In this study, the first effect of gamma radiation on plasma 
levels of zinc and selenium was investigated in the staff 
of the Nuclear Medicine Department. Although there was 
no significant difference in the concentration of selenium 
between the two groups of radiation and control, the results 
of our study indicated that the concentration of zinc element 
in the blood serum of staff under radiation was significantly 
lower than that of control subjects. An increased exposure 
to gamma rays was inversely and significantly associated 
with a decrease in zinc concentrations. Such finding was 
also found for gamma radiation exposure after 5 years. 
So far, very limited studies have investigated the effect 
of radiation on the serum concentration of elements, 
especially zinc and selenium, among nuclear medical staff, 
and most studies have considered these effects in vivo and 
in vitro (on different cell lines). In a study by Shahbazi-
Gahrouei et al, the association of chronic radiation with 
the concentrations of copper, zinc, iron, and magnesium 
in the blood serum of hot springs workers in Mahalat, 
Iran, was studied. According to the results of the study, 
chronic radiation could disturb the absorption and 
excretion mechanisms by reducing the concentration of 
some essential elements of the body, viz zinc, copper, iron, 
and magnesium (2). In another study, Ebrahiminia et al 
(12) examined the association of chronic radiation with 
the concentrations of zinc, copper, iron, and magnesium. 
The results of this study showed a significant decrease 
and a significant increase in the concentrations of zinc 
and copper, respectively, in blood serum of radiology and 
radiotherapy workers. However, there was no significant 
difference in the concentrations of iron and magnesium 
elements. 

Several studies have also examined the effects of gamma 
rays in vivo and in vitro on a variety of cell lines. For 
example, in a study by Ono et al, the effect of gamma 
rays was investigated on the level of metallothionein, lipid 
peroxidation, and zinc in the brains of rats (13). The results 
of their study showed that increased dosage of radiation 
significantly reduced the total zinc concentration in the 
brains of rats, but no significant changes were observed 
in lipid peroxidation level. Since the metallothionein 
concentration was significantly increased, the researchers 
suggested that increased levels of metallothionein as an 
important intracellular antioxidant probably played an 
important role in inhibiting lipid peroxidation (13). 

Furthermore, several studies have investigated the 
increase of free radicals especially ROS, oxidative stress, and 
a reduction in life cycle of the cell as the main mechanisms 
of action of gamma rays on cells (14,15). For example, in 
a study, Mishra showed that gamma rays lead to oxidative 
stress by increasing the level of intracellular ROS and 
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subsequently inducing apoptosis or cell death (16). In 
another study by Vucic et al, gamma rays inhibited DNA 
synthesis, cell proliferation, and cytotoxic effects of cell. 
However, after 24, 48, and 72 hours, a significant increase 
(3 to 3.5 times) was seen in the expression level of the 
antioxidant enzymes of Cu/ZnSOD and MnSOD (17). 
These results indicate that an increase in the expression 
level of antioxidant enzymes such as SOD plays an 
important role in reducing the harmful effects of gamma 
rays. Since zinc is an essential component in the structure 
of the SOD enzyme, a decrease in the level of zinc element 
found in our study can further provide the conditions 
for the destructive effects of gamma rays. Regarding the 
results of our study, it seems that a decrease in the level of 
zinc can be considered as another possible mechanism for 
the destructive effects of gamma rays on cells. The zinc 
element plays an important role not only in a variety of cell 
functions and processes, but also as a major component 
of the SOD structure and as an important antioxidant, it 
plays a role in protecting cells against the types of proteins 
that are involved in DNA synthesis, the transcription of 
genes, the structure of zip proteins, and cell proliferation 
under the effect of free radicals. Therefore, considering the 
antioxidant properties of zinc, the reduced serum levels of 
zinc can lead to increased levels of free radicals, oxidative 
stress, DNA damage, and ultimately cell death. Several 
studies have shown a correlation between the decrease in 
zinc level and an increase in the level of oxidative stress, 
oxidative damage, and cell death (1,18-20). 

Conclusion
In this study, the concentration of zinc in the blood serums of 
staff under radiation was lower than that of normal people. 
Further, an inverse relationship of radiation exposure and 
the exposure after 5 years with zinc concentration was 
observed. The results of this study indicated that probably 
one negative effect of gamma ray on cells is exerted by 
reducing the zinc level, which can be accompanied by an 
increase in oxidative damage. Given the very important 
role of zinc in the body and intracellular processes, the 
consumption of zinc supplements by people who are 
exposed to gamma rays is recommended. However, further 
studies are required on wider sample sizes in this regard. 
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