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Abstract
Background: Thyroid cancer has been growing rapidly during the last decades. 
Radioiodine‑131  (I‑131) as an appropriate therapy modality is currently using in the treatment 
of cancer and hyperthyroidism diseases. This radiotracer is considered as a cause of oxidative 
DNA damage in nontarget cells and tissues. The aim of this study was to investigate the effects 
of curcumin and trehalose on the level of DNA double‑strand breaks  (DSBs) caused by I‑131 
in human lymphocytes. Materials and Methods: First, 6‑mL blood samples were taken from 
each of the five volunteers. After 1  h of preincubation with the antioxidants, a total of 20 µCi 
I‑131/2  mL  (blood  +  NaCl) was added to each sample, and then, the samples were reincubated for 
1 h. Lymphocytes were separated and the mean DSB levels were measured for each sample through 
γ‑H2AX assay to evaluate the effects of antioxidants. Results: After 1‑h incubation with I‑131, the 
DSBs increased by 102.9% compared to the control group  (0.343  vs. 0.169 DSB/cell; P  =  0.00). 
Furthermore, compared to the control  +  I‑131 group, curcumin and trehalose reduced the DSBs by 
42% and 38%, respectively. There was a significant decrement  (P = 0.00) in the levels of DSBs of 
the curcumin  +  I‑131 and trehalose  +  I‑131 subgroups compared to the control  +  I‑131 subgroup. 
Furthermore, there was no significant relationship between the radioprotective effect of curcumin and 
trehalose  (P = 0.95). Conclusion: The use of curcumin and trehalose as antioxidant can reduce the 
numbers of DSBs caused by I‑131. Meanwhile, the radioprotective effect of curcumin was more than 
trehalose.
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Introduction
Thyroid is an endocrine gland which 
plays a key role in the regulation of body 
metabolism.[1] Disorders of the gland 
can consist of hypothyroidism, Graves’ 
disease, thyroiditis, euthyroid Graves’ 
ophthalmopathy, multinodular Goiter, 
benign adenocarcinoma, and thyroid 
carcinoma.[2]

Thyroid cancer as a well‑known disease 
has been growing rapidly during the last 
decades in which such a shifting trend is up 
to ten times, depending on the geographical 
area.[3,4] Standard treatment of thyroid 
cancer includes surgical resection and 
radioiodine‑131  (I‑131) therapy.[5] One of 
the primary objectives of treatment with 
I‑131 after surgery is ablating residual 
tumoral cells of thyroid.[6] It is notable 
that thyroid gland is the serious organ for 
iodine and is taken up by its follicular cells. 
The metabolic activity of the cells is the 
main factor in retention of iodine in the 

cells.[7] I‑131 with the effective half‑life of 
7.6  days in the living body emits beta  (β) 
and gamma  (γ) radiations; as its beta 
component  (with energy 606 Kev) is used 
for the treatment.[7] In thyroid tumoral 
cells, radiation leads to irreparable injury 
to critical targets within the cell, such as 
DNA, RNA, lipids, and proteins, leading to 
cell death.[5]

The use of radioactive iodine has several 
adverse effects such as gastrointestinal 
symptoms, sialadenitis, xerostomia, 
neoplasia, and temporary bone‑marrow 
suppression.[8‑10] Furthermore, it may 
induce chromosomal instability and genetic 
damage in normal cells that may cause in 
secondary cancers.[11‑13] The cellular damage 
resulting from I‑131 can be through direct 
ionization or creation of reactive oxygen 
spaces.[14] One of the vital aims during the 
interaction between ionization radiations 
and the cells is the cell DNA in which 
can cause a range of damages such as 
single‑strand break and double‑strand 
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break (DSB). Due to a higher risk of repair, DSBs are more 
important than others which is the initiator of malignity 
and cause of death.[15] According to the results of nuclear 
medicine studies, level of the DSBs increases after the 
administration of I‑131 even after 144  h.[16,17] Therefore, 
this treatment modality is not completely safe. The DSBs 
can be counted and identified by the ɣ‑H2AX assay, as a 
sensitive and precise method. In this method, the DSBs can 
be evaluated by isolation of lymphocytes and application 
of monoclonal antibodies which have been attached to the 
phosphorylated histones by radiation.[18]

Application of herbal radioprotective materials and 
antioxidants could reduce the genetically damages 
associated with ionizing radiation and subsequently, 
decreasing the induction of secondary cancers. Curcumin 
pigment present in the turmeric plant is using as a spice 
in food. Such a food substance, rather than having an 
anti‑inflammatory purpose, is considered as a powerful 
antioxidant and its ability on preservation of vital structures 
against the oxidative effects has been recognized by 
several studies.[19‑21] Furthermore, Trehalose, a nonreducing 
disaccharide of glucose, has antioxidative effects and hence, 
it is frequently using during the freezing process. Based 
on the studies, trehalose can reduce the freeze‑induced 
oxidative stress and improve the antioxidation activity.[22,23] 
Furthermore, trehalose as an antioxidant agent can increase 
the vitamin E concentration during the sperm freezing 
process.[24]

To the best of our knowledge, the effect of trehalose on 
the extent of damages induced by the ionizing radiation has 
not been studied. Furthermore, the use of γ‑H2AX method 
in evaluation of the radioprotective effect of curcumin has 
been not reported. Therefore, this study aimed to investigate 
the radioprotective effect of curcumin and trehalose against 
damage caused by I‑131 using γ‑H2AX method.

Materials and Methods
Study design and sampling

This study was approved by the Ethics Committee 
of Kashan University of Medical Sciences, Iran 
(code number: IR. KAUMS. REC.1395.81) and conducted 
after obtaining written consent from volunteers. Five 
volunteers participated in the study including four men 
and one woman  (mean age  ±  standard deviation  [SD] of 
35.8  ±  6.7). The inclusion criteria were being healthy, 
nonsmoking, without a history of lymphoma and leukemia 
diseases, no exposure to nuclear medicine, radiotherapy or 
chemotherapy at least 6 months before the sampling.

Six‑milliliter blood was taken from the antecubital vein 
each volunteer and was equally divided into 6 vials 
containing ethylenediaminetetraacetic acid. Based on the 
incomplete factorial method, the cases were divided into 
two major groups including without radiation and irradiated 
with I‑131. Each group was classified into three subgroups: 

control, curcumin, and trehalose. In the other words, the six 
groups are control, curcumin, trehalose, control  +  I‑131, 
curcumin + I‑131, and trehalose + I‑131.

Antioxidants

The concentrations of curcumin and trehalose were 
calculated according to Shafaghati et  al.[21] and it 
was assumed that each person totally has 6  L blood. 
Consequently, the concentrations of 50  µg curcumin 
per mL of blood and 5.738 mg trehalose per mL of blood, 
according to the GRAS notification for Hayashibara 
trehalose submitted by Hayashibara International, Inc., 
were calculated and added to tube containing blood and 
I‑131.

Treatment and irradiation

The subgroups without I‑131 after adding the curcumin 
and trehalose were incubated for 2  h at 37°C. The 
samples of irradiated group were also incubated for 
1  h with antioxidants at 37°C. Then, 20 µCi I‑131 
(provided by Nuclear Medicine Center of Kashan Shahid 
Beheshti Hospital, Iran) with normal saline  (Nacl), in 
a total volume of 1  mL, were added to the samples and 
the final volume of each vial was 2  ml. These samples 
were again incubated at 37°C for 1  h. After incubation, 
the irradiated group was centrifuged at 2000  g for 
15  min. The supernatant containing I‑131 was removed 
and discarded. The deposited layer was washed twice in 
phosphate‑buffered saline  (PBS), and the samples were 
prepared for the H2AX process.

γ H2AX process

The present H2AX method was based on details described 
in previous studies.[16,17] Blood samples were diluted 
with PBS  (1:1). The white blood cells were separated by 
centrifugation at 1700  g for 15  min  (4°C). The cells were 
washed twice with PBS  (each for 5  min) and fixed for 
15 min with 4% paraformaldehyde in PBS. After washing, 
approximately 20 µl of solution were duplicated on slide 
followed by permeabilization in cold acetone for 10  min. 
The cells were washed 3  times with PBS and blocked 
in PBS, 5% bovine serum albumin  (BSA) (Sigma Co.) 
and 0.2% triton x‑100 at room temperature. The cells 
were stained overnight using a specific γ‑H2AX antibody 
(Millipore, Germany, clone JBW301) (dilution 1:500 in PBS 
containing 1% BSA and 0.05% x‑triton) at 4°C. The slides 
were washed 3 times (each for 10 min) and incubated with 
secondary antibody (Alexa Fluor 488) (dilution 1:500 in 
PBS containing 1% BSA and 0.05% x‑triton) for 1 h at room 
temperature in the darkness. Then, the cells were washed 
3  times  (each for 15  min) and mounted with propidium 
iodide  (dilution 1:50)  (Invitrogen). Finally, in each sample, 
the numbers of γ‑H2AX foci (DSBs) were visually counted 
over  100 lymphocyte cells using fluorescence microscope 
(Magnum_T, Ceti Co., Medline UK), with  ×1000, by two 
blind observers. Granulocytes and monocytes were omitted 
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by morphological criteria, and the average number of DSB/
cell was calculated.

Statistical analysis

All results were expressed as mean values  ±  SD. The 
Kolmogorov–Smirnov test was used to evaluate the normal 
distribution of continuous data. In addition, increasing the 
level of DSBs was calculated using the Formula 1:
with I 131 without I 131 100

without I 131
− − −

×
−

� (1)

The decreased level of DSBs was also calculated using 
Formula 2:

( )I 131–  I 1 31 urcumin or trehalose
 I 1 31

100
− − +

−
× � (2)

Statistical differences in the mean values of groups 
were tested with the independent t‑test and ANOVA. 
Furthermore, to evaluate multivariate effects, a factorial 
design based on generalized linear model (GLM) was used. 
Finally, P < 0.05 was considered statistically significant.

Results
Figure 1 shows the γ‑H2AX foci in human lymphocytes in 
the without I‑131 and with I‑131 groups.

As shown in Figure  2  and Table  1, the number of DSBs 
per cell in the control  (without I‑131 and antioxidant), 
curcumin, and trehalose subgroups was 0.169  ±  0.031, 
0.161  ±  0.020, and 0.160  ±  0.023, respectively. There 
was no significant difference between the samples of 
nonirradiated subgroups  (P  =  0.65). The number of DSBs 
per cell in the irradiated group without antioxidant was 
0.343  ±  0.023. After incubation of I‑131 in trehalose 
and curcumin samples, the number of DSBs per cell was 
0.200  ±  0.024 and 0.210  ±  0.028, respectively. There was 
a significant decrement  (P  =  0.00) in the levels of DSBs 
of the curcumin  +  I‑131 and trehalose  +  I‑131 subgroups 
compared to the control  +  I‑131 subgroup. Furthermore, 
no significant relationship was found between the 
radioprotective effect of curcumin and trehalose (P = 0.95).

Also, for the multivariate analysis of the effects of 
curcumin and trehalose, with and without using I‑131, a 
GLM was employed. The results of GLM indicated the 
effect of different groups on the level of DSBs in the 

presence or absence of I‑131. In addition, the interactive 
effect of antioxidants on the level of DSBs was evaluated, 
based on the presence or absence of I‑131 (P = 0.00).

Discussion
In the current study, the radioprotective effects of 
curcumin and trehalose on genetic damages caused by 
I‑131 in human lymphocytes were evaluated. To assess 
the genetic damages in the current study, the γ‑H2AX 
method was used. DSB formation and phosphorylation of 
histone H2AX were among the first reactions of the cell to 
radiation. The phosphorylated histones can be identified by 
the γ‑H2AX method using the specific antibody. According 
to the conducted studies, there was a linear relationship 
between the received radiation dose and the number of 
formed γ-foci; hence, it can be considered as a specific and 
accurate method to measure the DSBs.[16,17,25,26]

Iodine‑131 is extensively applied for the treatment of 
thyroid‑related diseases. The use of radioiodine treatment 
with high dose is associated with dose‑limited side effects. 
In the current study, 20 µCi I‑131/2  mL  (blood  +  NaCl) 
was used. Based on the study of Eberlein et  al.,[27] this 
amount of radioiodine leads to 40 mGy absorbed dose in 
blood and according to, the current study was setup. The 
dose of 40 mGy is almost similar to the mean absorbed 
dose to blood in the patients within the first 2  h of I‑131 
therapy; as the highest number of DSBs was observed 
during this time.[16] In a study by Lassmann et  al.,[16] the 
number of γ‑H2AX foci at different times of receiving 
Iodine‑131 in the patients undergoing I‑131 therapy was 
evaluated. They reported that the number of DSBs in the 
lymphocytes increased and reached its maximum within the 
first 2 h of I‑131 therapy (median: 0.227 γ‑H2AX foci/cell). 
In our study, after irradiation of the blood samples with a 
40 mGy dose of Iodine‑131, the number of DSBs reached 
0.343  ±  0.023 γ‑H2AX foci/cell. The difference between 
findings of these studies may arise from the types of 
study  (in  vivo vs. in  vitro) and also different levels of 
repair in the patients, compared with the blood samples of 
the current study.

Compared to the control group, the level of DSB 
in the control  +  I‑131 group increased to 102.9% 
(0.343  vs. 0.169 DSB/cell; P  =  0.00) after 1‑h incubation 

Figure 1: Exemplary microscope image of γ‑H2AX foci, obtained from human lymphocyts. The thyrocytes were stained with propidium iodide, observed 
in fluorescent microscopy at × 1000. The light dots are DNA double‑strand breaks
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with I‑131  (without antioxidant). Hosseinimehr et  al. 
evaluated the effect of three dose values of I‑131 on 
a human blood sample. They reported that 10 and 
100 microcurie doses of I‑131 increased the number of 
micronuclei 8.5  times more than the control group.[13] In 
another study, Eberlein et  al. evaluated the DSBs caused 
by I‑131 and Lu‑137 and showed a linear relationship 
between the absorbed radiation dose and the number of 
DSBs.[27] Our results were consistent with the results 
of these studies; as the ionizing ray of I‑131 leads to 
increasing the genetic damage.

The antioxidant effect of curcumin on damages of I‑131 
by the γ‑H2AX method was evaluated; as the findings 
indicated that curcumin can reduce the rate of DSBs by 
42%  (0.200  vs. 0.343 DSB/cell). In a study, Shafaghati 
et  al. evaluated the effect of curcumin on oxidative 
stress caused by I‑131 at different doses by micronuclei 
assay in  vitro. They showed that 50  µg/mL curcumin 
reduced the number of micronuclei by 52%.[21] To 
evaluate the radioprotective effect of curcumin as well as 
the effectiveness of the γ‑H2AX method, the curcumin 
concentration used in the current study was similar to study 
of Shafaghati et al. (50 µg/mL). The difference between the 
two studies could be due to differences in the sensitivity 

and precision of the used method as well as the dose values 
of the radionuclide (100 μCi vs. 20 μCi).

Furthermore, Trehalose is a sugar with sweetness of 
45% more than sucrose used as an antioxidant agent in 
freezing procedures. Trehalose protects the cell against 
oxidative stress through removing free radicals and 
increasing intracellular antioxidant activities.[23,28,29] In the 
current study, the use of trehalose, as a radioprotector 
on ionizing ray of I‑131, showed a reduction of 38% in 
DSBs (0.210 vs. 0.343 DSB/cell). In addition, it was shown 
that the radioprotective effect of curcumin is more than 
trehalose  (42% vs. 38%). It is noteworthy that curcumin 
and trehalose can protect the vital organelle of DNA by 
removing free radicals. Furthermore, the protective effects 
of curcumin can be related to the enhancement of enzymatic 
and nonenzymatic antioxidants such as glutathione in the 
cells treated with curcumin.[30,31] In addition, anti‑cancer 
and anti‑inflammatory properties of curcumin have been 
proven in various studies.[32‑34] In a study, Agrawal and 
Mishra referred to the effects of curcumin on cell signaling 
pathways, including apoptosis  (activation of caspases 
and downregulation of antiapoptotic gene products), 
proliferation  (human epidermal growth factor receptor 2, 
epidermal growth factor receptor, and activator protein‑1), 
angiogenesis  (vascular endothelial growth factor), 
and inflammation  (nuclear factor‑κB, tumor necrosis 
factor‑alpha, interleukin 6  [IL‑6], IL‑1, cyclooxygenase‑2, 
and 5‑lipoxygenase).[35]

However, the following particular points should be 
considered: in the current study, the effect of such 
agents was only investigated on lymphocytes, but their 
effectiveness on other cells and organs is unclear. On 
the other hand, the effect of these agents should be 
investigated at different incubation time and doses, as well 
as in animal studies and clinical trials. In addition, it is 
necessary to consider the gastrointestinal absorption of the 
agents in oral consumptions in  vivo. Furthermore, due to 
the high cost of antibodies as well as issues regarding to 
radiation protection, it was not possible to the evaluation 
of the combined effects of these two radioprotectors at the 
moment, but this work is suggested as a future study.

Table 1: Double strand breaks values of each volunteer in both groups (with and without radioiodine‑131)
Group DSB/cell P

Male‑1 Female‑1 Male‑2 Male‑3 Male‑4 Mean±SD
Control

Without I‑131 0.201 0.171 0.192 0.192 0.192 0.169±0.031 0.00 ‑
With I‑131 0.326 0.345 0.342 0.355 0.348 0.343±0.023

Curcumin
Without I‑131 0.174 0.142 0.177 0.144 0.168 0.161±0.020 0.00

0.95
With I‑131 0.208 0.178 0.207 0.176 0.233 0.200±0.024

Trehalose
Without I‑131 0.195 0.132 0.151 0.159 0.163 0.160±0.023 0.00
With I‑131 0.189 0.218 0.218 0.231 0.225 0.210±0.028

DSB=Double strand breaks, SD=Standard deviation, I‑131=Radioiodine‑131

Figure 2: The graph presents double strand break/cell (mean ± standard 
deviation) in lymphocytes DNA with and without I‑131
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Conclusion
It has been proven that genetic damage increases in patients 
after I‑131 therapy. In the current study, the level of DSB 
in the control + I‑131 group in comparison with the control 
group increased to 102.9%. Furthermore, the results 
indicated that the number of DSBs per cell decreases 
by 42% and 38% in subgroups related to curcumin and 
trehalose radioprotectors, respectively. As it is understood 
the radioprotective effect of curcumin against genetic 
damage caused by I‑131 is more than trehalose.
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