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IntrOductIOn
Thyroid cancer has the highest prevalence among endocrine 
malignancy and its incidence continues to rise annually. The main 
cause for this cancer is not clear, but various risk factors may 
include exposure to UV radiation, family history, age and low or high 
amounts of iodine in the diet can increase the risk of the thyroid 
cancer. According to epidemiological studies, the rate of this 
malignancy in women is three times more than men, which can 
be associated with the development and proliferation of estrogen 
hormone receptors in the process of cancer [1].

Medullary thyroid carcinoma (MTC) which is driven from the thyroid 
parafollicular or C-cells is responsible for almost 10% of all thyroid 
cancers [2,3]. MTC is sporadic in nature, however 20-30% of cases 
have a hereditary pattern, as an autosomal dominant trait. This 
hereditary pattern is referred to as ‘multiple endocrine neoplasia 
type 2’ (MEN 2), which is identified by the MTC in addition to 
pheochromocytoma and hyperparathyroidism (MEN 2A), or MTC 
in addition to multiple mucosal neuromas, pheochromocytoma, 
marfanoid habitus and eye abnormalities (e.g., conjunctivitis sicca, 
thickened corneal nerves, and an inability to cry tears) (MEN 2B) 
[4,5]. 

Recently the role of oxidative stress in the pathogenesis of many 
cancers and their complications has been considered. Oxidative 
stress is a condition in which the equilibrium between free radical 
production and their scavenging by antioxidants becomes perturbed 
and leads to accumulation of free radicals or their products within 
cells. This imbalance leads to damage of important biomolecules 
and organs with potential impact on the whole cells. Free radicals 

 

are produced from normal metabolic reactions after several steps 
and its production is inevitable. The main sources of free radicals 
are microsomal-membrane and mitochondrial electron transfer 
chains and also auto oxidation reactions [6,7]. Hydroxyl radical can 
initiate lipid peroxidation and produce MDA, which leads to damage 
of membrane structure and function [8]. Oxidation reactions can 
produce free radicals to launch chain reactions that damage cells. 
The anti-oxidation in the defensive system of the organism terminates 
these reactions by eliminating of free radical mediators, and inhibits 
oxidation reactions by their auto oxidiation. The defensive system 
consists of enzymatic reaction and non-enzymatic reaction. In 
enzymatic reaction, active sites of many enzymes such as SOD, 
GSH-Px, CAT and GST are composed of microelements. On the 
other hand non-enzymatic reaction system is mainly composed 
of vitamins, amino acids and metal binding proteins, such as 
VitE, Carotene, VitC, Cys, His, Ser, Met, Glucose, Ceruloplasmin, 
Transderrin and lactofein [6,7,9]. 

Upregulation of a wide range of antioxidant genes is one of the main 
mechanisms by which cells protect themselves against oxidative 
stress. Among the antioxidants, glutathione (GSH) is the most 
abundant intracellular non-protein thiol in cells and it functions in 
the removal of potentially toxic electrophiles and metals, thereby 
protecting cells from toxic oxygen products [9,10]. Catalase 
antioxidant enzyme is associated with the anti-oxidation defense. 
Considering that their effect can be additive, the best approach 
is to measure the combined activity of all antioxidants or the total 
antioxidant capacity (TAC) rather than measuring individual activity 
of different molecules [11].  
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ABStrAct
Introduction: Oxidative stress or oxidant/antioxidant imbalance 
has a crucial role in the pathogenesis of some diseases like 
cancer. Medullary thyroid carcinoma (MTC) originates in the 
thyroid parafollicular cells and includes 3-4% of the malignant 
neoplasms that have an effect on this gland. The aetiology of 
MTC has not been clarified. However, oxidative stress may be 
one of the factors involved. 

Aim: The aim of the current study was to evaluate the 
antioxidant enzyme activity of catalase (CAT), Glutathione 
(GSH), total antioxidant capacity (TAC) and the levels of the lipid 
peroxidation product malondialdehyde (MDA) in blood samples 
of MTC patients as compared to healthy controls.  

Materials and Methods: A case-control study was designed 
enrolling patients with confirmed MTC diagnosis and age-and 
sex group matched healthy volunteers referred to the clinic of 
the Research Institute for Endocrine Sciences, Tehran, Iran from 
April 2013 to July 2015. Fasting blood samples were taken for 
study. Catalase, GSH, MDA and TAC levels were measured by 

colorimetry using commercial kits (ZellBio GmbH, Germany). 
Data were analysed using SPSS 17 software, comparing 
mean±SD through t-test and difference between proportions 
through chi-square. 

results: No statistical difference was observed in the 
demographic characteristic between cases and controls. The 
final MTC group included 40 males and 45 females with a mean 
age of 30±12.9 year, and the control group 40 males and 47 
females, with a mean age of 31.2±12.3 year. Anthropometric 
parameters, dietary and thyroid hormones levels (T3, T4 and 
TSH) were similar. Serum TAC (p=0.015), GSH (p=0.029) and 
CAT (p<0.001) levels were found to be significantly lower in the 
MTC patients, while serum MDA levels were significantly higher 
in MTC patients than controls (p<0.001). 

conclusion: These preliminary findings suggest that oxidant/
antioxidant imbalance may be associated with or possibly 
indicate an increased risk to medullary thyroid carcinoma. 
Further studies are needed to explore these findings.
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There is an increasing interest in understanding the potential 
function of oxidative stress biomarkers including Catalase [12], SOD 
[13], GPx [12], GSH [14], vitamin E [15], vitamin C [16] in thyroid 
carcinogenesis. Also, Blood concentrations of glutathione peroxidase 
(an antioxidant enzyme) and malondialdehyde (a product of lipid 
peroxidation), were assessed before and after thyroidectomy. The 
plasma levels of both markers of oxidative stress were significantly 
higher in patients with thyroid cancer in comparison to the control 
subjects [17]. 

To date, our understanding of the roles of the oxidative/antioxidative 
systems in the carcinogenesis of MTC is limited. In this study we 
evaluated the levels of antioxidant enzyme activity of Catalase (CAT), 
and the serum levels of lipid peroxidation product malondialdehyde 
(MDA), Glutathione (GSH) and total antioxidant capacity (TAC) in 
MTC patients compared with healthy controls. 

MAterIAlS And MethOdS
The study was designed as age- and sex- matched case-control 
study, conducted at the Research Institute for Endocrine Sciences 
of Shahid Beheshti University of Medical Sciences in collaboration 
with Department of Clinical Biochemistry of Hamadan University of 
Medical Sciences, Iran, during 2013-2015. 

ethical consideration: The study followed the principles of the 
declaration of Helsinki and was approved by the Medical Ethics 
Review Board of Hamadan University of Medical Sciences. Written 
informed consent was obtained from the volunteers regarding 
confidentiality and anonymity of data collected, also details and 
purpose of the study were disclosed. 

Subjects: From April 2013 to July 2015, 85 patients (12-59-year-
old), with confirmed diagnosis of medullary thyroid carcinoma 
(40 males and 45 females), referred to the Research Institute for 
Endocrine Sciences, were enrolled in the MTC group. All patients 
were newly diagnosed as having MTC based on clinical-pathological 
examination, but with thyroid profile (T3, T4, TSH) within normal 
range.  

A control group was formed by age- and sex-group matched 
healthy volunteers (40 males and 47 females; 11–58 years old) from 
other people (not relative) attending the Institute with no history of 
thyroid disease. Potential participants in both groups were clinically 
examined and excluded in case of history of serious chronic 
illnesses of heart, lung, and kidney; prior treatment with thyroid 
cancer medications for either MTC or conditions associated with 
thyroid carcinoma; intake of prescribed or over-the-counter any kind 
of antioxidants (such as vitamins and carotenes) in the past year; 
history of current or past smoking and lack of informed consent 
and/or authorization form to the processing of personal data. Finally, 
demographic data collection form was completed for each of the 
participants in the study.

Blood samples: Blood samples (3 ml) were collected after 8 hours 
overnight fasting, from subjects in the antecubital vein of the left 
arm. After 5 minutes coagulation, the samples were centrifuged 
3000 rpm for 10 min and the obtained sera were stored at -80ºC 
until use for the analysis of oxidative stress markers. 

Total antioxidant capacity (tAc) Assay: Serum TAC was 
measured using a commercial kit following the manufacturer's 
protocol (ZellBio GmbH, Germany) on the basis of the oxidation 
reduction colorimetric assay at a wavelength of 490 nm. TAC level 
was considered as the amount of antioxidant in the sample that was 
compared with ascorbic acid action as a standard. This method can 
determine TAC with 0.1 mM sensitivity (100 µmol/L). The intra- and 
inter-assay variation co-efficient is claimed to be a less than 3.4% 
and 4.2%, respectively. 

catalase activity (cAt) Assay: CAT activity was measured using a 
calorimetrically enzymatic assay kit at 405 nm (ZellBio GmbH, Ulm, 
Germany). In this assay, the CAT activity unit was considered as the 

amount of the sample that will catalyze decomposition of 1 µmole 
of H2O2 to water and O2 in one minute. This method can determine 
CAT with 0.5 U/mL sensitivity. The intra- and inter-assay coefficient 
of variation was claimed to be 6.3% and 7.9%, respectively.

Malondialdehyde (MdA) Assay: Measurement of MDA level was 
done by a commercial chemical colorimetrical assay kit according 
to manufacturer's protocol (MDA assay kit; ZellBio GmbH, Ulm, 
Germany). It uses the MDA-TBA adduct formed by the reaction of 
MDA and thiobarbituric acid (TBA) under high temperature. MDA is 
measured in acidic media and heat (90-100 ◦C) colorimetrically at 
535 nm. This method can determine the MDA with 0.1 µM sensitivity. 
The intra- and inter-assay coefficient of variation is claimed to be 
5.8% and 7.6%, respectively.

Glutathione (GSh) Assay: Measurement of serum GSH level was 
done with commercial chemical colorimetric assay kits (ZellBio 
GmbH, Ulm, Germany) using colorimetrically method at 412 nm. 
The assay sensitivity is 0.1 mM and intra- and inter-assay coefficient 
of variation 6.1% and 7.7%, respectively.

StAtIStIcAl AnAlySIS
Statistical analyses were done by using the program SSPS version 
17.0 (SPSS, Inc., Chicago, IL, USA). A chi-square test was used 
to compare qualitative variables between the two groups. Because 
all quantitative parameters according to the Kolmogorov-Smirnov 
test had normal distributions, independent t-test was used for 
comparison of continuous parameters between the two groups, 
respectively. The results are expressed as a mean± standard 
deviation (SD), and/or range (minimum–maximum). p-values less 
than 0.05 were considered statistically significant. 

reSultS
Cases and controls did not differ with regard to age, sex distribution 
and body mass index [Table/Fig-1]. Women comprised the 
majority of subjects in both case and control groups (52.9% and 
54% respectively). Anthropometric and dietary habits were similar 
between the two groups. The thyroid hormones (T3, T4, TSH) levels 
were within normal limits in all subjects in both groups (data were 
not shown).

TAC activity was estimated to be 1.54±0.59 mM for cases and 
1.88±0.68 U/ml for controls (p=0.015) [Table/Fig-2].

CAT mean activity was 4.98±1.9U/ml for cases and 6.7±2.16 U/ml 
for controls (p<0.001) [Table/Fig-3].

MDA mean level was 3.56±2.21 ◦M in cases and 1.81±0.71◦M in 
controls (p<0.001) [Table/Fig-4].

[table/Fig-1]: Demographic data of the study participants.

[table/Fig-2]: The level of TAC (mM) of MTC and healthy control’s sera.* significant 
decrease in comparison from healthy control (p=0.015).

cases (n=85) controls (n=87) p-value

Age (yr), Mean±SD 30±12.9 31.2±12.3 0.12

Sex (female/male) 45/40 47/40 0.48

BMI (kg/m2), Mean±SD 27±4.9 28.2±5.3 0.72
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GSH mean activity was 2.04±0.98 mM in cases and 2.58±1.3 mM 
(p=0.029) [Table/Fig-5].

dIScuSSIOn
In previous investigations, increased oxidative stress in thyroid 
cancer has been revealed [12,13,15,17]. Our findings showed 
that MDA levels were increased, while serum TAC, GSH and CAT 
levels were decreased in MTC patients. These preliminary findings 
indicate an oxidant/antioxidant imbalance associated with MTC. 
Free radicals and ROS participate in physiological and pathological 
process in the thyroid gland. In the recent years, many evidences 
demonstrated that the free radicals have role in the mechanisms 
of initiation, development of neoplastic transformations invitro and 
invivo, also in the stimulation of specific oncogenes. Most of them 
originate from the fact that the agents that eliminate the free radical 
or disrupt the chain of events induced by free radical can inhibit the 
neoplastic process both at the cellular and molecular level [18,19]. 
Free radicals have influence on the cell components such as DNA, 
protein, lipid and carbohydrates, and especially lipids are the most 
sensitive component. 

MDA is the end product of lipid peroxidation. Serum MDA level, as a 
marker for lipid peroxidation, can indicate oxidative damage in cells 
and tissues. Sadani et al., and Mano et al., have shown an increased 
level of MDA concentration in papillary carcinoma as compared to 
those in the normal thyroid tissue, a finding consistence with our 
observations [18,20]. The balance between the production and 
elimination of lipid peroxides determines peroxide level in cells. The 
decreasing of cellular defenses or significant increase in peroxidative 
reactions can lead to disruption of this balance. The increased lipid 
peroxidation and the damage of antioxidant defense system may 
lead to the rising of free radicals in thyroid cancer condition [21]. In 
addition, oxidation of polyunsaturated fatty acids by ROS leads to 
the formation of lipid peroxidation products such as MDA [22].

In the present study, GSH level was significantly lower in the MTC 
patients than the control group. Reduced glutathione, an important 
intracellular antioxidant, acts both as a co-factor for glutathione 
peroxidase and as a direct active scavenger to remove reactive 
species such as hydroxyl radical, carbon centered radicals, 
peroxynitrite, and singlet oxygen. Reduced glutathione also play 
a very crucial role in the protection of erythrocyte from oxidative 
damage [23]. In previous survey, lower levels of reduced glutathione 
in plasma and erythrocytes have been reported to play a role in 
various pathological conditions including cancer [24]. GSH has the 
function to maintain cellular redox status. An increase of GSH levels 
is likely to reduce ROS levels and antagonize oxidative stress [25]. 
Long-term oxidative stress can be associated with cell damage 
because it exceeds the capacity of antioxidant synthesis by the 
target organs or extracellular [26]. 

To investigate the antioxidative system in MTC patients, we evaluated 
serum levels of TAC. The result of our study showed that TAC in MTC 
patients is significantly less than healthy controls. This is probably 
due to increased metabolism in result of increased production of 
free radicals. In this study, CAT activity in MTC patients revealed 
a significant decrease compared to the control group. Hydrogen 
peroxide is a normal metabolite in living cells. Catalase (hydrogen 
peroxide: hydrogen peroxide oxidoreductase, EC 1.11.1.6), known 
as a defense to oxidative stress, is an anti-oxidant enzyme which 
catalysis the breaks down of hydrogen peroxide (H2O2) into oxygen 
and water without producing free radicals. The excess amount of 
hydrogen peroxide can oxidize cellular components so its removal 
is vital for cells. All aerobic cytochrome-containing mammalian 
cells, particularly liver and kidney have some catalase activity. The 
lowest activity, however, is found in connective tissue [27]. Lipids 
peroxidation is increased in thyroid cancer malignant tissues while 
antioxidant scavenging enzymes are reduced, leaving these tissues 
more susceptible to the toxic effects of free radical. It has been 
demonstrated that the antioxidative defense can reduce levels of 
free radicals produced by thyroid gland dysfunction [13].  

In fact, serum enzyme activities like CAT or MDA, TAC and GSH 
levels are good indicators for the systemic oxidant/antioxidant 
status but do not necessarily indicate their real changes occurring 
in the thyroid directly, because numerous factors are involved and 
can modify the serum outcome. The oxidative metabolism can be 
regulated by the thyroid hormone influencing antioxidants levels 
such as SOD, GPx, catalase, and glutathione reductase and non-
enzymatic antioxidants such as vitamin E and C, glutathione, and 
uric acid [28]. However, all participants, both in the case and control 
groups presented a normal thyroid hormone profile. 

lIMItAtIOn
The assessment of more biomarkers in oxidative stress including 
SOD, GSH-Px, GST, Vit E, Carotene, Vit C, Cys, His, Ser, Met, 
Glucose, amino acids, Ceruloplasmin, Transderrin and lactofein and 
also in more bigger population is more helpful to clarified oxidative 
stress status in patients with MTC which can be mention as a 
limitation in our study. 

[table/Fig-3]: The level of Catalase (U/mL) of MTC and healthy control’s sera.* 
significant decrease in comparison from healthy control (p<0.001).

[table/Fig-4]: The level of MDA (µM) of MTC and healthy control’s sera.* significant 
increase in comparison from healthy control (p<0.001).

[table/Fig-5]: The level of GSH (mM) of MTC and healthy control’s sera.* significant 
decrease in comparison from healthy control (p=0.029).
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cOncluSIOn 
Decreased antioxidant GSH, TAC and CAT activity with increased 
lipid peroxidation product MDA indicate that in thyroid cancer 
antioxidants’ enzyme activity is decreased and lipid peroxidation 
products are elevated. These preliminary findings suggest that 
oxidant/antioxidant imbalance may be associated with or possibly 
indicate an increased risk to medullary thyroid carcinoma. The 
significantly increased values of MDA, supports the hypothesis that 
some disturbances in the oxidant-antioxidant balance in favour of 
oxidation may have a role in MTC. Further studies are need to explore 
to clarify the role of oxidative stress in the thyroid carcinogenesis. 
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