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Background: In hypothyroidism and hyperthyroidism, disturbance of 
oxidant/antioxidant balance leads to reactive oxygen species (ROS) generation. 
The aim of this study is assaying total antioxidant capacity and superoxide 
dismutase and catalase activities in patients with hypo-and hyperthyroidism in 
order to control the progression of its pathology and health care. 
Materials and Methods: This case-control study was performed on 85 patients 
with hypothyroidism, 66 patients with hyperthyroidism and 74 normal individuals 
as control that referred to the clinic of the Research Institute for Endocrine 
Sciences of Shahid-Beheshti University in year 2010. Serum enzymatic activity of 
catalase, superoxide dismutase and total antioxidant capacity was measured in the 
fasting state. Data was described as mean±SD and data means of the two groups 
was compared by independent t-test. Data was analyzed by SPSS-18 application. 
Results: The total antioxidant capacity in individuals with hyperthyroidism 
decreased compared to healthy controls, but individuals with hypothyroidism 
compared to the healthy control group showed no significant difference. Catalase 
and superoxide dismutase activity in hypo-and hyperthyroidism were significantly 
increased compared with healthy controls (p=0.005). 
Conclusion: Decreasing of antioxidant capacity in hyperthyroid patients is 
probably because of increased production of free radicals. There was not observed 
significant difference in total antioxidant capacity in hypothyroid patients. Also in 
hypo-and hyperthyroidism patients, increasing of enzymes activity is probably 
due to increasing of the production of ROS. 
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         Introduction 

hyroid hormones are necessary for normal growth 
of our body and assumed as one of the most 
important involved hormonal factors in regulation 

of basic metabolic rate of target organs such as liver, 
heart, kidney and brain [1]. Oxygen free radicals (ROS) 
are produced from normal metabolic reactions after 
several steps. Although free radicals are potentially 
dangerous for organisms, their production is inevitable. 
Microsomal-membrane and mitochondrial electron 
transfer chains and also auto oxidation reactions are the 
main sources of free radicals [2-4]. Both superoxide anion 
and hydrogen peroxide produce highly reactive hydroxyl 
radicals via Haber-Weiss reaction. Hydroxyl radical can 
initiate lipid peroxidation, which leads to damage of 
membrane structure and function [5]. Oxidation reactions 
can produce free radicals to launch chain reactions that 
damage cells. Antioxidants terminate these reactions by 
eliminating of free radical mediators, and inhibit 
oxidation reactions by their auto oxidiation [6]. Thyroid 
hormones sustain the oxidant/ antioxidant balance to 
protect the cells [1]. It is proposed that the increase in 
ROs induced by thyroid hormone deficiency may result in 

oxidative stress in liver, heart and skeletal muscles with 
some lipid peroxidative response [4]. ROS include 
partially revived forms such as superoxide anion, 
hydrogen peroxide, hydroxyl radical and also organic 
counterparts such as lipid peroxides as a result of 
oxidative metabolism of cells [7]. High levels of thyroid 
hormone, that causes thyrotoxicosis, leads to accelerated 
metabolic reactions and increased oxygen consumption 
and oxidative reactions. Accordingly changes in 
measurable parameters of antioxidant factors and 
increased anti-oxidative free radicals are observed [8 -10]. 
Primary hypothyroidism occurs when the hormone 
reduced. In secondary hypothyroidism hypothalamus-
pituitary-thyroid axis is defective. Hypothyroidism can 
also occur due to lack of iodine in the diet, which leads to 
produce insufficient hormone, or as a side effect of 
special drugs such as lithium [11]. Lipid peroxidation and 
oxidative stress induced by hypothyroidism are the results 
of both increased production of free radicals and reduced 
capacity of antioxidative defense [12 -14]. The 
malfunction of respiratory chain in the mitochondria, that 
is induced by hypothyroidism, leads to accelerated 
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production of free radicals, which subsequently leads to 
oxidative stress [4, 15]. Metabolic disorder caused by an 
autoimmune hypothyroidism can also increase oxidative 
stress [16].  

Given the involved geography, genetic and nutritional 
factors in total antioxidant capacity, there is little 
information about antioxidant status in hypo- and 
hyperthyroidism patients of different races. Erdamar et al. 
mentioned the direct association between hypo- and 
hyperthyroidism complications by reducing the activity of 
the antioxidant system components. These findings 
suggest that thyroid hormones have a strong effect on 
oxidative stress and antioxidant systems [17]. 

 The aim of this study is assaying total antioxidant 
condition and an important part of enzymatic defense 
system, and also assaying if hypo- and hyperthyroidism 
has effect on antioxidant defense system. Thus in this 
study, the activity of catalase (CAT), super oxide 
dismutase (SOD), and total antioxidant capacity in iranian 
patients with hypothyroidism and hyperthyroidism were 
assayed. 

 
Materials and Methods 
 

This cross-sectional case-control study was conducted 
on referred patients with thyroid disorders to the clinic of 
the Research Institute for Endocrine Sciences of Shahid-
Beheshti University, in 2010. Eighty five patients with 
hypothyroidism (46 women and 39 men), 66 patients with 
hyperthyroidism (36 women and 30 men) and 74 healthy 
volunteers (40 females and 34 males) that were suitable 
for our study based on clinical and biochemical criteria, 
were evaluated. The people were selected by convenience 
sampling. At least 32 patients in each group were 
determined as the sample size based on similar studies 
and using proper formula. TSH level of >10 IU/L and 
<0.2 IU/L were considered as hypothyroidism and 
hyperthyroidism  respectively. In order to more 
confirmation, the thyroxin level of first and second group 
were <0.4 µg/dL and >13.5 µg/dL respectively. Written 
informed consent was obtained from each person before 
entering the study.  

Demographic data collection form was completed for 
each of the participants in the study. In sitting position, 3 
ml of blood was collected from volunteers in the Cubital 
vein  of the left hand. After 5 minutes coagulation, the 
samples were centrifuged 3000 rpm for 10 min and the 
obtained sera were stored at -80ºC until use. Serum 
samples were examined to measure total antioxidant 
capacity and the activity of CAT and SOD. Superoxide 
dismutase and CAT activities were measured using 
commercial kit (Cayman, US). Total antioxidant capacity 
was measured using a kit from Randox England. Data 
Processing was conducted using SPSS-18 statistical 
software, which shows the normal distribution as a 
mean±SD. Comparison of data mean-values of the three 
groups was evaluated by independent t-test. Significance 
level was set at 5% (p =0.005).  

 
 

Results 
 

In the control group (group 1), 34 were male and 40 
were female. The mean age of women was 57±18 years 
and the mean age of men was 55±20 years. Forty six 
women and 39 men were hypothyroid (Group 2) and 36 
women and 30 men were hyperthyroid (Group 3). The 
mean age for both men and women in this group was 
32±12 years. CAT and SOD activity in hypo-and 
hyperthyroidism compared with the control group showed 
a significant increase. Total antioxidant capacity was 
significantly reduced in hyperthyroid but no significant 
difference for hypothyroid (p=0.005; Fig. 1, 2, 3). 

 

 
 

Figure 1. The level of total antioxidant capacity (mmol/l) of 
hyperthyroid, hypothyroid and healthy individual’s sera.* Difference is 
meaningful (p=0.005) 

 

 

Figure 2. Catalase activity (Iu/ml) of hyperthyroid, hypothyroid and 
healthy individual’s sera. * Difference is meaningful (p=0.005) 
 

 

Figure 3. Superoxide dismutase activity (Iu/ml) of hyperthyroid, 
hypothyroid and healthy individual’s sera. * Difference is meaningful 
(p=0.005) 
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Discussion 
 

Previous studies showed significant changes in T3, T4 
and TSH level in the different thyroid state of oxidative 
stress. Therefore thyroid hormones have an important role 
in general oxidative stress creation [11]. High metabolic 
state in hyperthyroidism is alongside increasing of free 
radical production and lipid peroxide levels [10]. Chronic 
hypothyroidism is characterized by failure of the redox 
potential  that leads to free radicals chain reaction and 
metabolic suppression of antioxidant capacity. The 
observed antioxidant depletion in hypothyroidism may 
refer to increased production of free radical in the 
mitochondrial inner membrane electron transfer chain. 
The patient’s cells are damaged due to prolonged 
oxidative stress that overpasses the patient’s organs 
capacity for antioxidant molecules synthesis or their 
synthesis from extracellular sources [7]. 

The result of our study showed that total antioxidant 
capacity in hyperthyroid patients is less than healthy 
controls, while in hypothyroid patients there was no 
significant difference with healthy controls .The results of 

some studies are different with our study. Among 
previous studies, the results of Kumari et al. and 
Messarah et al. about the total antioxidant capacity in 
hypo- and hyperthyroidism are consistent with our 
findings [6-18]. In both studies, the total antioxidant 
capacity in hypothyroid patients did not have significantly 
changes in comparison with healthy controls, while in 
hyperthyroid patients the total antioxidant capacity was 
less than healthy individuals. Since the total antioxidant 
capacity is made up of components, study on these 
components has been also interesting for researchers that 
have been led to new information on this issue as well.  

Two main components of the antioxidant capacity are 
SOD and CAT. In this study, CAT activity in hypo- and 
hyperthyroidism showed a significant increase compared 
to the control group. The results of Vassev et al. and 
Bednarek et al. studies showed that CAT activity is 
increased in patients with hyperthyroidism [19, 20].  

This study was consistent with our study. However 
Pasupathi et al. and. Sahoo et al. studies showed that the 

CAT activity is reduced in patients with hypothyroidism 
[21, 22], that is inconsistent with the present study. In 
Carmeli et al. study the CAT activity was decreased in 
patients with hypo- and hyperthyroidism. In Carmeli et al. 
study, SOD activity was increased in hypo- and 
hyperthyroidism [16]. This finding is consistent with 
Dave et al. about the increase in SOD activity in hypo-and 
hyperthyroidism [23], and also was consistent with 
Vassev et al., Bednarek et al., and Janusz et al. findings 
about increasing of SOD activity in patients with 
hyperthyroidism [19-24]. According to Pasupathi et al. 
and Sahoo et al. studies, SOD activity in patients with 
hypothyroidism was decreased as compared to healthy 
controls [21, 22].  

In Iranian hyperthyroid patients, total antioxidant 
capacity is reduced. This is probably due to increased 
metabolism associated with increased production of free 
radicals. There was no significant difference in total 
antioxidant capacity in hypothyroid patients. In Iranian 
hypo-and hyperthyroidism, the increased activity of SOD 
and CAT are also observed that is probably due to 
increased production of reactive oxygen species and 
increased oxidative stress. 
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