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Abstract

Background: Oxidative stress is commonly accrued in thyroid tissue during hormone synthesis.
Objectives: We aimed to examine oxidative stress in patients with thyroid cancer, benign thyroid nodules, and healthy individuals.
Methods: In this study, 138 individuals were involved. Among the selected participants, 108 had thyroid nodules, including 30 pap-
illary thyroid cancer (PTC), 30 follicular thyroid cancer (FTC), six anaplastic thyroid cancer (ATC), 12 medullary thyroid cancer (MTC),
and 30 benign nodules. In addition, 30 individuals were selected as a healthy control group. The levels of total antioxidant capacity
(TAC) and total oxidant status (TOS) of thyroid tissue were measured using the ELISA method, and the oxidative stress index (OSI)
was calculated.
Results: The TAC level was significantly lower in MTC and FTC subtypes than in controls. The TOS level was considerably higher in the
MTC group than in the control and benign nodule groups. The TOS level was not changed in other groups. The OSI was considerably
higher in MTC and FTC subtypes. The TAC and OSI in benign nodules were significantly lower and higher than those of controls,
respectively. The OSI was higher in female patients than in males.
Conclusions: The OSI can not be considered a diagnostic biomarker for benign nodules and MTC. The diverse oxidative stress status
between genders may be related to the elevated cancer incidence in females.
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1. Background

Thyroid cancer accounts for approximately 1% of all
types of human cancer. The incidence of this cancer is
increasing worldwide (1, 2). Over 95% of thyroid cancers
have different neoplastic phenotypes, including papillary
thyroid cancer (PTC), follicular thyroid cancer (FTC), and
anaplastic thyroid cancer (ATC) (3). medullary thyroid can-
cer (MTC) is a rare neoplasm of calcitonin-secreting thyroid
cells, which accounts for 5% - 10% of all thyroid cancers (4).

Oxidative stress is a kind of imbalance between re-
active oxygen and nitrogen species, which results in the
antioxidant defense. Free radicals can disturb important
biomolecules such as DNA, lipids, and proteins (5). The re-
dox imbalance can induce chronic diseases and cancer by
affecting the oxygen species in molecular pathways (6). Al-
though some oxidants contribute to mutation and growth,
excessive oxidative stress can slow proliferation and dam-

age cancerous cells (7, 8).

The oxidative status depends on endogenous enzy-
matic factors and exogenous factors such as diet, medica-
tion, and lifestyle (9-11). Thyroid hormones play important
roles in regulating oxidative metabolism via adjusting the
synthesis and degradation of enzymatic antioxidants such
as catalase and superoxide dismutase and non-enzymatic
antioxidants, including vitamin C and E (12). The oxida-
tive stress is commonly accrued in thyroid tissue during
utilizing H2O2 for thyroxin synthesis (13). However, only
a few epidemiological studies have investigated the oxida-
tive stress status in thyroid cancer (14).

Evaluating the levels of total oxidant status (TOS) and
total antioxidant capacity (TAC) is an improved way com-
pared to assessing oxidants and antioxidants separately,
which is expensive and time-consuming.
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2. Objectives

Therefore, in the present work, we evaluated TOS, TAC,
and oxidative stress index (OIS) in thyroid tissues of pa-
tients with thyroid cancer, benign thyroid nodules, and
healthy control individuals in an Iranian population.

3. Methods

3.1. Study Population

The current work was carried out in an Iranian popula-
tion of Erfan Grand Hospital (Tehran). From 2017 to 2019,
138 selected individuals (98 females and 40 males) aged 27
- 74 years participated in the current work. The thyroid
nodules of patients were detected by clinical examination.
Fine needle aspiration (FNA) was performed for all individ-
uals. Thyroidectomy was done for patients with malignant
or repetitive indeterminate nodules. Among the selected
participants, 108 had thyroid nodules, including 30 PTC, 30
FTC, 6 ATC, 12 MTC, and 30 benign nodules (Table 1). In ad-
dition, 30 individuals were selected to form a healthy con-
trol group. The Institute Ethics Committee (grant number:
ajums.REC.1393.151) approved this work, and informed con-
sent was obtained for all biopsy samples.

3.2. Tissue Samples

Thyroid tissues were collected and assessed by an ex-
pert pathologist. Thyroid tissues were promptly stored at
-80°C until use. They were homogenized and maintained
in the RIPA buffer (on ice) for 30 min and then sonicated.
The samples were centrifuged at 10,000 g (10 min at 4°C),
and the supernatants were stored at -20°C until use.

3.3. Total Antioxidant Capacity

Total Antioxidant Capacity (TAC) was measured calori-
metrically by the TAC kit (ZellBio GmbH, Germany). This as-
say is based on the reduction of Fe+3 to Fe+2, which can com-
bine with phenanthrene to form a colored compound. The
TAC was presented as mmol TROLOX Eq/L.

3.4. Total Oxidant Status

The thyroid tissue total oxidant status (TOS) was mea-
sured calorimetrically using the TOS kit (ZellBio GmbH as-
say kit). The results were expressed in µmol H2O2 equiva-
lent/L (µmol H2O2 Eq/L). The TOS assay kit could determine
TOS in biological samples with 0.5 µM sensitivity.

3.5. Oxidative Stress Index

The TOS to TAC ratio was regarded as the oxidative
stress index (OSI). The unit of TAC, mmol Trolox Eq/L, was
converted to mmol Trolox Eq/L, and OSI was calculated as
follows (14, 15): OSI = TOS/TAC × 100

3.6. Thyroid Profiles

After overnight fasting, blood samples were collected.
Approximately 5 ml of blood was collected for thyroid hor-
mones analysis. After incubating the samples at room tem-
perature for 10 min, they were centrifuged at 3,000 rpm for
eight minutes, and the obtained sera were maintained at -
80°C. The serum levels of thyroxine (T4), triiodothyronine
(T3), and thyrotropic-stimulating hormone (TSH) were de-
termined using available commercial kits (DiaSorin, Italy).

3.7. Statistical Analysis

All statistical analyses were performed using SPSS 21.0
software. The normal distribution of data and homogene-
ity of variances were checked using the Shapiro-Wilk test
and Levene’s test, respectively. A one-way analysis of vari-
ance (ANOVA), followed by Kruskal-Wallis post hoc pair-
wise comparisons, was used to analyze the data. All data
were presented as mean ± standard deviation (SD). A P-
value < 0.05 was considered significant.

4. Results

The TAC was considerably lower in patients with be-
nign nodules than in normal patients. The TAC level of
PTC and ATC subtypes was not considerably changed when
compared to the control group, but it was considerably
increased compared to the benign group. The TAC level
was considerably lower in FTC and MTC patients than in
the control group. The TOS level was considerably higher
in the MTC group than in the control and benign nodule
groups. In the other subtypes of thyroid cancer and benign
groups, the TOS level was not considerably changed when
compared to the control group. The OSI level was consid-
erably higher in patients with benign nodules than in the
normal group. The OSI level of MTC and FTC subtypes was
considerably higher than that of the control and benign
groups. The OSI of other subtypes was not considerably
changed when compared to the control group (Figure 1).
The OSI was higher in female patients with thyroid cancer
or benign nodules than in male patients (Table 1). The thy-
roid hormone levels were not significantly changed in pa-
tients with benign and cancer subtypes when compared to
the control group (Figure 2).

There were no correlations between thyroid hormone
levels and oxidative stress status in different groups. In ad-
dition, there were no correlations between the age of pa-
tients and oxidative/antioxidative parameters (Table 2).
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Table 1. Total Antioxidant Capacity, Total Oxidant Status, and Oxidative Stress Index in Male and Female Patientsa , b

Groups (n) Sex (N) TAC, mmol Trolox Eq/L TOS, mmol H2O2 Eq/L OSI, Arbitrary Unit

Normal (30)
Male (12) 1.11 ± 0.24 15.45 ± 2.38 1.39 ± 0.19

Female (18) 1.21 ± 1.09 19.92 ± 4.51 1.64 ± 0.22

Benign (30)
Male (9) 0.17 ± 0.58 16.45 ± 3.51 2.83 ± 0.27

Female (21) 0.56 ± 0.34** 15.87 ± 1.45 9.67 ± 1.89**

PTC (30)
Male (8) 1.58 ± 0.21 17.05 ± 0.13 1.07 ± 0.15

Female (22) 0.96 ± 0.18 22.36 ± 4.39 2.32 ± 0.24*

FTC (30)
Male (5) 0.43 ± 0.11 10.14 ± 2.4 2.35 ±0.31

Female (25) 0.45 ± 0.08 18.85 ± 2.9 4.18 ± 0.43*

MTC (12)
Male (4) 0.19 ± 0.06 14.5 ± 3.11 7.63 ± 1.45

Female (8) 0.38 ± 0.08* 40.7 ± 5.76** 10.71 ± 2.18

ATC (6)
Male (2) 1.8 ± 0.25 17.1 ± 2.82 0.91 ± 0.18

Female (4) 0.83 ± 0.12 20.1 ± 3.92 2.42 ± 0.29*

Abbreviations: ATC, anaplastic thyroid cancer; FTC, follicular thyroid cancer; MTC, medullary thyroid cancer; OSI, oxidative stress index; PTC, papillary thyroid cancer;
TAC, total antioxidant capacity; TOS, total oxidant status.
aValues are expressed as mean ± SD.
b*, P < 0.05, **, P < 0.01; *, indicates comparisons with male patients.

Table 2. Oxidative Stress Index in Normal, Benign, and Total Thyroid Cancer
Patientsa

Groups (N) Age, Years OSI, Arbitrary Unit

Normal (30) 52.51 ± 5.7 1.52 ± 0.29

Benign (30) 49.15 ± 6.9 6.26 ± 2.27b

Thyroid cancer (78) 53.5 ± 2.12 4.1 ± 0.88

Abbreviation: OSI, oxidative stress index.
aValues are expressed as mean ± SD.
bP < 0.001;

5. Discussion

In humans, the complex antioxidant system can coun-
teract free radicals and reactive oxygen species. This sys-
tem includes different antioxidant substances such as en-
zymatic and non-enzymatic antioxidants, which may be
known or unknown (16). Therefore, it is essential to deter-
mine the total oxidant and antioxidant levels to evaluate
the oxidative stress status. Previous studies have examined
the role of various individuals’ oxidative or anti-oxidative
molecules in thyroid cancer.

Our results showed that oxidative stress status in pa-
tients with thyroid cancer is different from that of individ-
uals with benign nodules and healthy individuals. Accord-
ingly, TAC was lower in thyroid cancer patients, whereas
OSI was higher in these patients. Akinci et al. compared
the antioxidant enzyme activities between 43 patients with
thyroid cancer and 43 control individuals. They reported
that the superoxide dismutase level did not alter in thyroid

cancer patients. However, malondialdehyde and antiox-
idant glutathione peroxidase changed with thyroid can-
cer (13). Among the cancer subtypes in this study, FTC
and MTC groups showed a lower TAC level than other can-
cer subtypes. In mice with aggressive FTC, the upregu-
lation of superoxide dismutase (SOD) reduced FTC prolif-
eration, whereas SOD deficiency enhanced tumor growth
(17). Hence, decreasing TAC may involve in the pathogen-
esis of FTC. In a study by Miri and Mohammadi (18), TAC
and catalase levels were decreased in individuals with MTC.
They suggested that oxidative stress may be associated
with MTC or enhance the risk of developing the disease.
Another study in 2016 in an Iranian population with MTC
showed that serum TAC, catalase (CAT), and glutathione
(GSH) levels were lower in MTC patients. Accordingly, ox-
idant/antioxidant imbalance could be associated with an
increased risk of medullary thyroid cancer (19).

In our study, the ATC group showed no significant
change in OSI and TAC levels. In the study by Wang et al.
(14), the OSI value was not changed in ATC patients. An-
other study by Erdamar et al. (20) evaluated the oxidative
markers in the serum of 41 patients with multinodular goi-
ter and PTC. They examined malondialdehyde, selenium,
total superoxide dismutase, and glutathione peroxidase in
selected patients. Accordingly, superoxide dismutase, glu-
tathione peroxidase, and selenium levels were found to be
lower and malondialdehyde to be higher in both nodules
and cancerous tissues when compared to patients with
nontoxic multinodular goiter. They showed that lipid per-
oxidation was increased, and the enzymatic free-radical de-
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Figure 1. Total oxidant status, total antioxidant capacity, and oxidative stress index in different groups. Values are presented as mean ± SD. *, P < 0.05, **, P < 0.01, P < 0.05;
* and #, indicate comparisons with normal and benign groups. TOS, total oxidant status; TAC, total antioxidant capacity; OSI, oxidative stress index; PTC, papillary thyroid
cancer; FTC, follicular thyroid cancer; MTC, medullary thyroid cancer; ATC, anaplastic thyroid cancer.

fense system was impaired in patients with multinodular
goiter and PTC (20). In the study by Famil Sagharchian et al.
(21), serum TAC and malondialdehyde contents were low
and high in PTC individuals, respectively. Lassoued et al.
(22) showed that oxidative status was highly disturbed in
PTC patients. However, in the present work, OSI and TAC
were not changed in PTC patients.

The opposite results may be because the levels of ox-
idative stress markers in blood samples are different from
those in thyroid tissue samples. In addition, genetic vari-
ants may be influenced by oxidative stress markers in dif-
ferent individuals. Moreover, by considering only some of
the antioxidant enzymatic activities, the role of the oxida-
tive stress index could not be conducted, which was done
in our study by measuring TOS and TAC levels. In 2011,
for the first time, Wang et al. (14) recommended measur-
ing the OSI in individuals with thyroid cancer. They re-
ported that TAC and TOS levels were significantly different
between healthy and thyroid cancer groups. However, they

did not find any difference in the serum concentrations of
TAC, TOS, and OSI between carcinoma subtypes (14). Nev-
ertheless, in our study, tissue concentrations of TAC, TOS,
and OSI were considerably changed in MTC and FTC cancer
subtypes.

As the results showed, the OSI was higher in females
with thyroid cancer than in males. Previous studies also
showed that thyroid cancer is more prevalent in females
than in males. High levels of H2O2 are generated in the thy-
roid gland that regulates cell survival, proliferation, migra-
tion, and death. The cellular oxidant-antioxidant imbal-
ance may contribute to the more incidence of thyroid can-
cer among females. In addition, 17β-estradiol administra-
tion was observed to increase H2O2 generation in a thyroid
cell line (PCCL3 cells) (22). In the process of thyroid can-
cer, estrogen receptors may be developed and proliferated
(23). Fortunato et al. (24) showed that the thyroid antiox-
idant defense of female rats was weaker than that of male
rats. In our results, TAC levels were also lower in female pa-
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Figure 2. Thyroid hormone levels in different groups. Values are presented as mean± SD. All P-values are more than 0.05. PTC, papillary thyroid cancer; FTC, follicular thyroid
cancer; MTC, medullary thyroid cancer; ATC, anaplastic thyroid cancer.

tients with thyroid cancer than in male patients. Besides,
benign nodules showed a high level of TAC. In contrast, in
the study by Stanley et al. (25), the oxidant-antioxidant bal-
ance was undisturbed in benign thyroid tumors, whilst in
malignant tumors, the balance was altered.

Interestingly, the antioxidant system has a bi-
directional role in tumorigenesis. In benign thyroid
nodules of rats, the SOD level was enhanced but gradually
diminished as cancer cells progressed towards a more
de-differentiated phenotype (26). In mice, SOD overexpres-
sion elevated the burden of benign tumors but suppressed
the progression of FTC. Hence, antioxidant/oxidant imbal-
ance may contribute to the conversion of normal thyroid
tissue to benign tumors.

Thyroid hormones play an important role in the gener-
ation of free radicals. Thyroid hormones modulate the pro-

duction and degradation of non-enzymatic and enzymatic
antioxidants (27). However, in this study, thyroid hormone
levels of benign and all cancer subtypes were not consid-
erably changed when compared to control individuals. In
the study by Wang et al., the oxidative stress value was not
correlated with the hormone profile (14).

5.1. Conclusions

This study showed that the OSI could not be considered
a valuable prognostic biomarker because it was increased
in MTC and individuals with benign nodules. The role of
this index in differentiating various types of this cancer is
debatable. The difference in the OSI between cancer sub-
types indicates that oxidative stress may be more involved
in the pathogenesis of MTC and FTC than in other subtypes.
The diverse oxidative stress status between genders may be
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a critical factor in explaining the elevated cancer incidence
in females.
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