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Abstract

Background: Iodine-131 therapy is one of the main strategies in the treatment of thyroid diseases such as hyperthyroidism and
thyroid cancer. Iodine-131 emits high-energy beta particles and gamma rays. Although this technique is considered safe, there are
many in vivo and in vitro studies reporting genotoxic damage induced by I-131. Induction of oxidative stress is one of the main
mechanisms of therapeutic plan with I-131 and also mentioned as a side effect of it.
Objectives: The aim of this study was to determine the effect of Nano-curcumin on chromosomal damages in peripheral blood
lymphocyte by micronuclei (MN) assay in patients with differentiated thyroid carcinoma (DTC) after therapeutic dose of I-131 as a
clinical trial.
Methods: Twenty-one patients with DTC treated with I-131, activity (5.5 GBq) for destructing remnant thyroid functional tissue, were
randomly selected to receive curcumin (nano-form, 160 mg/day for 10 days; n = 11) or placebo (n = 10) in a double-blind manner. We
obtained blood samples from each patient before treatment and one week after radioiodine therapy. We calculated the number
of MN in blood samples. The present study is the first clinical trial for investigating curcumin effectiveness to reduce genotoxicity
effects by radiation after radioiodine therapy.
Results: The frequency of MN in lymphocyte was significantly increased at one week after I-131 treatment in placebo and curcumin
groups. The frequency of MN in the curcumin group was significantly lower than placebo group after I-131 therapy. Neverthe-
less, there were no significant differences between both groups in White Blood Cell (WBC), Red Blood Cell (RBC), platelets, and
hemoglobin level at before and after I-131 therapy.
Conclusions: The results of this study confirm that the administration of curcumin to the patients, in nano-micelle form, may
prevent the genetic damage induced by I-131 in human lymphocyte.
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1. Background

Iodine-131 therapy has been known as one of the main
strategies in the treatment of thyroid diseases such as hy-
perthyroidism and thyroid cancer (1). The most important
therapy in patients with differentiated thyroid carcinoma
(DTC) is thyroidectomy, usually followed by radiation ther-
apy by I-131. Although this method is considered safe,
it has some reported side effects. The therapeutic effect
of iodine-131 is the result of beta and gamma radiations,
which is damaging to cells with direct or indirect manner

(2, 3). Most of Iodine-131 concentrates on residual thyroid
tissue and kills tumor cells; however, it has several side ef-
fects such as radiation thyroiditis, sialadenitis, xerostomia,
neck pain and edema, gastrointestinal symptoms (4), pul-
monary problems, and defects in hematopoietic systems,
nasolacrimal glands, and gonadal dysfunction, as well as
second early malignancies (5, 6). The late complications
like secondary cancers. These complications, seen after
treatment with therapeutic dose of radioiodine (100 - 150
mCi), are rarely deadly, but they can affect the patient’s
quality of life (7, 8). I-131 may also induce genetic damage
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and chromosomal instability in normal cells. Iodine 131
beta particles have the most important role in cytotoxic
effects (9, 10). Ionizing radiation causes cellular damage
mainly by producing reactive oxygen species (ROS), that
can induce lipid peroxidation and damage to cell mem-
branes and critical macromolecules such as DNA that lead
to genetic damage (11, 12).

Recently, in vitro and in vivo studies showed radiosen-
sitizing and radioprotective effects by some herbal chem-
icals and synthetic medications (13). One of these ra-
dioprotective photochemical is curcumin. Curcumin is
the yellow polyphenol extracted from the rhizome of
turmeric (Curcumalonga) (14). Curcumin has radiopro-
tective, antioxidant, anti-inflammatory, anti-proliferative,
anti-atherosclerotic, and pro-apoptotic effects in cancer
cells (15). Curcumin prevents ROS forming and also scav-
enging free radicals and may protect the cells from toxi-
city that cause by reactive oxygen spices. Curcumin also
increases the activities of antioxidant enzymes like super-
oxide dismutase (SOD), catalase, and glutathione peroxi-
dase (GSH-Px). Accordingly, curcumin may have beneficial
effects against radiation toxicity by scavenging free radi-
cals and produce antioxidant factors (16, 17). Oral curcumin
is poorly absorbed from the bowel. However, the absorp-
tion of curcumin can be increased by newer formulations
(i.e. complex with piperine, nanoparticles, micelles, lipo-
somal formulations, etc.) (18). The use of nanoparticles
as drug carriers has several advantages compared with an-
other formulation. This nanoparticle can also cross the
blood brain barrier (19).

Cytokinesis-block micronucleus assay in peripheral
blood lymphocytes have been used for a long time as a
biomarker of early effects of genotoxic carcinogens. Mi-
cronuclei (MN) are small, extra nuclear bodies that contain
damaged chromosome/chromatid fragments (20). There
are lots of studies that reported increase in the percent-
age of MN in peripheral lymphocytes of patients during ra-
dioiodine therapy (21-25).

Based on our knowledge and research, there is no study
to report any effectiveness of nano-curcumin treatment in
reducing the genotoxic damage in patients with DTC un-
der radioiodine therapy. The aim of this study was to eval-
uate, in a double-blind placebo-controlled manner in pa-
tients with DTC after their first therapeutic dose of I-131, the
effect of curcumin on complete blood counts with differ-
ential, platelet counts, and hemoglobin levels with chro-
mosomal damages in peripheral blood lymphocyte by mi-
cronuclei assay.

2. Methods

This study was performed in 21 patients (11 women
and 10 men, median age 44.95 years; range 24 - 79) (Ta-
ble 1), who had undergone total thyroidectomy for DTC.
None of the patients had previously been treated with ex-
ternal radiotherapy or I-131, and they did not suffer from
any other illness except thyroid carcinoma without dis-
tant metastasis. This study was performed after obtain-
ing permission from medical ethics committee of the uni-
versity (Sbmu.rec.1393.797) and registered with Iranian reg-
istry of clinical trials (IRCT2016020526377N1). All patients
provided written informed consent for participation.

Randomization was performed in a double-blind fash-
ion by administrative personnel outside the research
project.

Eleven patients (6 women; median age 43.45 years,
range 27 - 56) were assigned to receive nano-curcumin cap-
sules; 10 patients (5 women; median age 46.6 years, range
24 - 77) received placebo (Table 1).

Nano-curcumin (Nano-micellar soft gel, red and flavor-
less capsules) was prepared from Elixir Nano Sina company
(Iran). The details about synthesis and characterization of
this drug have been reported in articles (26). A dose of 160
mg/day nano-curcumin or placebo was orally given at reg-
ular intervals from 3 days before up to 7 days after I-131 ther-
apy. Patients received a thyroid remnant ablation dose of
5.5 GBq (150 mCi) I-131 (Box 1).

2.1. Evaluation of Blood Parameters

Blood samples (5 mL) were collected in heparinized
sterile tubes from median cubital vein of patients before
treatment and one week after radioiodine therapy. Com-
plete blood counts with differential, platelet counts, and
hemoglobin levels were obtained at baseline. Magnitude
of changes from baseline in the hematological parameters
was determined and compared. We also determined the
blood parameters (serum thyroid stimulating hormone
(TSH), thyroglobulin (TG), and anti-TG).

2.2. Micronucleus Assay

A 0.5 mL of blood sample (curcumin and placebo
groups) was added to 4.5 mL of roswell park memorial in-
stitute (RPMI)-1640 culture medium (Gibco, USA), which
contained 10% fetal calf serum, 2 mM glutamine (Gibco,
USA), 0.1 mL/5 mL phytohemagglutinin (Gibco, USA), and
antibiotics (Penicillin 100 IU/mL, Streptomycin 100µg/mL)
(Gibco, USA). Two paired cultures were set up for each
blood sample and incubated at 37 ± 1°C. After 44 hours
of culturing, Cytochalasin B (Sigma, final concentration: 5
µg/mL) was added to block cytokinesis induced by phyto-
hemagglutinin. Cells were harvested at the end of 72 hours
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Table 1. Clinical Features of Patients with Differentiated Thyroid Carcinoma, Receiving Curcumin (160 mg/day) or Placebo at Before and After 131I Therapya , b

Variables Baseline (Before) After 7 Days

Placebo (N = 10) Curcumin (N = 11) Placebo (N = 10) Curcumin (N = 11)

Age, ya 46.6 (24 - 77) 43.45 (27 - 56)

Sex, F/M 5/5 6/5

TSH, mIU/mL 64.93 ± 22.4 52.38 ± 25.9

TG, ng/mL 9.93 ± 2.4 7.29 ± 2.6

Anti TG, ng/mL 5.15 ± 3.7 8.64 ± 4.2

WBC, × 1000/mm3 7.42 ± 1.4 6.84 ± 0.7 7.41 ± 1.3 6.82 ± 0.7

RBC, 106 /µm3 5.10 ± 0.5 4.98 ± 0.5 5.13 ± 0.5 4.96 ± 0.5

Platelet, × 1000/mm3 239.1 ± 51.98 276.81 ± 42.38 251.1 ± 44.5 275.45 ±43.32

HGB, g/dL 14.37 ± 1.9 14.75 ± 1.8 14.57 ± 1.8 14.80 ± 1.8

Abbreviations: F, Females; HGB, Hemoglobin; M, Males; MN, Micronuclei; RBC, Red Blood Cell; Tg, Thyroglobulin; TSH, Thyroid Stimulating Hormone; WBC, White Blood
Cell.
aAge is expressed as median (range) and other parameters as mean ± SD.
bMN: count of MN in 1000 BN lymphocytes.

Box 1. Inclusion/Exclusion Criteria

Inclusion/Exclusion Criteria

Inclusion criteria: All patients with differentiated thyroid cancer (follicular, papillary or mixed type) not receiving destroying dose (ablative dose) of radioiodine up to
now; no palpable neck mass; thyroid pathology reported with no invasion to capsular and lymph areas and blood vessels; body scan with I-131 not showing any
functional tissue in regions other than the thyroid bed; thyroid cancer confirmed by biopsy; all patients have total thyroidectomy; TSH level before administration of
radioiodine is higher than 30 IU/mL.

Exclusion criteria: After treatment with I-131, if there is abnormal tissue absorption of iodine in other areas of the thyroid bed; if patients after taking the first capsule
of curcumin had a headache and dizziness.

of incubation and extraction by centrifugation. They were
treated by KCl 0.075 M and, then, fixed in fixative solution
3 times (methanol: acetic acid, 6:1). Next, we re-suspended
and the suspension was dropped onto cold glass slides
and allowed to dry. Fixed cells were stained with Giemsa
(Merck, Germany) solution (10%). All slides were coded
and checked at 40 × magnification for the micronuclei
frequency in bi-nucleated cells with well-preserved cyto-
plasm. Counted micronuclei must have a diameter be-
tween 1/16th up 1/3rd of main nuclei, be non-refractile, and
stick to or overlap with the main nuclei (27).

At each blood collection end point, at least 1000 bi-
nucleated cells before and after radioiodine therapy cul-
tures from each patient were examined to record the fre-
quency of micronuclei.

2.3. Statistical Analysis

Statistical package (SPSS 16) was used for the data anal-
ysis. Data were expressed as mean ± SD unless otherwise
stated and were tested for normal distribution (Shapiro-
Wilk test). Paired sample t test was used for the compar-
ison of micronuclei frequency in each group (curcumin
and placebo) before and after therapy. We used indepen-
dent sample t test to determine the difference between the

frequency of MN between curcumin and placebo groups
after radioiodine therapy. Statistical significance was as-
sumed for P < 0.05.

3. Results

The demographic and biochemical characteristics of
the patients are summarized in Table 1. At baseline, pa-
tients in the two groups (curcumin and placebo) were com-
parable for gender, age, serum TSH, thyroglobulin (TG),
anti-TG, and the differences were non-significant. Based on
the findings of this study, gender is unaffected in the fre-
quency of micronuclei (12.1±5.8 vs. 11.1±2.5; P > 0.05) (Fig-
ure 1). Nano-curcumin administration was clinically safe
and there was no evidence of side effects during our study.

3.1. Micronucleus Assay

At baseline, the mean frequency of MN was approxi-
mately the same in both groups (10.81 ± 4.1 vs. 12.5 ± 4.5; P
> 0.05) (Figure 1). The time course for the frequency of MN
in human lymphocytes for each patient in the two groups
is shown in Figure 1. The frequency of MN in the placebo
group one week after I-131 treatment (31.5 ± 9.0; P = 0.000
vs. baseline) and the frequency of MN in curcumin treated
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Figure 1. Comparison the frequency of MN in patients in placebo and curcumin
groups at baseline (before) and after radioiodine (131I) therapy. In vivo protection
by curcumin against radiation-induced genetic damage induced by 131I (I) in whole
blood lymphocyte. The data represent average ± standard deviation. At baseline,
the mean frequency of peripheral blood lymphocyte MN was approximately the
same between the two groups of patients and did not differ; comparison of the fre-
quency of MN in patients after 7days of radioiodine therapy showed the significant
differences (20.72 ± 7.1 vs. 31.5 ± 9.0; P = 0.006).

group after 7 days was significantly increased compared to
before I-131 therapy (20.72 ± 7.1; P = 0.001 vs. baseline) (Fig-
ure 1). The frequency of MN after one week of radioiodine
therapy in curcumin subjects was significantly lower than
placebo group (20.72 ± 7.1 vs. 31.5 ± 9.0; P = 0.006) (Fig-
ure 1). Total micronuclei frequencies were reduced by 32.4%
in patients treated with curcumin compared to placebo
group.

3.2. Evaluation of Blood Parameters

There was no significant difference between the two
groups in terms of 4 parameters (White Blood Cell (WBC),
Red Blood Cell (RBC), platelets, and hemoglobin level) at
baseline and after 1 week (Table 1).

4. Discussion

Most patients with DTC are treated with I-131 after thy-
roidectomy to ablate remnant tissue (5). The TSH level in
all patients before the administration of radioiodine was
more than 30 IU/mL (Table 1). In some patients, the pri-
mary goal of the first dose of I-131 treatment is adjuvant
therapy to decrease the risk of recurrence or treat persis-
tent disease (28). Induction of oxidative stress is one of the
main mechanisms operative in the therapeutic and/or side
effects of iodine-131 (10). Monterio Gil et al. (26) investi-
gated DNA damage induced by radioiodine therapy in pe-
ripheral blood lymphocytes in patients with thyroid can-
cer. The number of micronuclei in the cells increased af-
ter 1 month of treatment. Ballardin et al. (27) observed 4-
fold increase in the frequency of micronuclei 7 days after

radioiodine therapy in patients. In nuclear medicine, chro-
mosomal damage following radioiodine therapy has been
reported in many studies (29-31). It seems that at least 1
week after the administration of radioactive iodine-131 is
a good time to evaluate cell damage in blood peripheral
lymphocytes induced by radiation (30). In this study, we
have also observed genotoxic effects in lymphocytes (2.52-
fold increase) after 7days after radioiodine therapy.

The use of natural compounds to reduce the frequency
of micronuclei induced by internal irradiation by radia-
tion of I-131 is recently developed. Shafaghati et al. (1) in-
cubated human lymphocytes with curcumin, at doses of 5,
10, and 50 µg/mL to investigate the radioprotective effects
against the genotoxic damages in peripheral lymphocytes.
After 1 hour, the lymphocytes were incubated with I-131 (100
µCi/1.5 mL) for two hours and maximum protective effects
in micronuclei frequency were observed at the dose of 50
µg/mL curcumin with 52% reduction.

There are a limited number of clinical trials investigat-
ing the radioprotective effects of herbal chemicals on the
side effects induced by radioiodine therapy. Based on our
knowledge and researches, the present study for the first
time as a clinical trial shows that nano-curcumin supple-
mentation is effective in the reduction of genotoxic dam-
ages by radiation in patients with DTC. The current study
confirms that I-131 therapy can induce a significant direct
genotoxic damage characterized by the increase of MN in
peripheral lymphocytes from patients with DTC in control
groups. Dardano et al. (2) also showed this increase of MN
(about 3 fold) in control groups without any radioprotec-
tors materials. They have proved a significant protective ef-
fect of Ginkgo biloba extract (GBE) in patients with Graves’
disease and DTC receiving I-131 therapy for their treatments
(2, 32). The results of the present research also confirm that
the administration of curcumin to the patients, at the cur-
rent dose, was able to prevent the increase of MN about
34.2% compared with the control group.

Several studies have found a relationship between an-
tioxidant properties of curcumin and anti-oxidative stress
in cells. Curcumin showed a strong capacity to scavenging
intracellular small oxidative molecules such as H2O2, HO,
and ROO. There are no reports of toxicity of curcumin in
oral administration (32, 33). Curcumin plasma level range
was from 29 to 419 ng/mL (33), and 22 to 42 ng/mL after 2 to
6 hours after single dose (32). Because of poor oral bioavail-
ability of curcumin, some new studies focused on the for-
mulation of this natural product in nano-micelles and wa-
ter soluble to increase the absorption by intestine (32, 33).
The administration of nano-curcumin showed the higher
serum level of curcumin in blood and soft tissues. The half-
life of curcumin in nano-micelles form in blood serum is
about 6 to 7 hours after the first dose and the stability in
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the stomach is up to 72 hours; however, the peak of effec-
tiveness is about 2 to 3 after single dose. The doses were se-
lected on the basis of results from publication (34).

Bone marrow suppression is often a transient effect
of radioiodine therapy. It shows decrease in WBC and
platelet count for up to 6 to 10 weeks (35), but in this
study, there were no significant differences between the
two groups in terms of 4 parameters (WBC, RBC, platelets,
and hemoglobin level) at baseline and after 1 week. We rec-
ommended that follow-up for 1, 3, and 6 months after ther-
apy may show the differences.

4.1. Conclusions

The findings of this study show that curcumin may
protect from possible oxidative and genotoxic damage in-
duced by I-131 treatment. The main limitations of the cur-
rent study were its sample size; so, further studies with
larger cohorts of patients are needed to confirm this re-
port. It should be underlined that the focus of interest of
this study was to evaluate the radioprotective effects of cur-
cumin after I-131 therapy, just in patients’ blood samples by
the amount of MN frequency. But, for other effects, more
follow-ups are needed.
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