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1. Introduction

The thyroid gland is the body's primary regulator of metabolism. Thyroid hormones are 

necessary for the normal development of body organs. High concentrations of thyroid 

hormones may change the metabolism of oxygen in the cells and stimulate the production of 

free radicals. Thyroid hormone has a pro-oxidant effect and increases the oxygen free radical 

production and hence the resultant decrease in antioxidant state in case of hyperthyroidism 

when compared to the normal and hypothyroidism. Treatment with thyroxin also produces 

oxidative stress. Oxidative stress and hypothyroidism causes immunosuppression. It appears 

that thyroid gland plays a central role in generating generalized oxidative stress in diseased 

condition.Thyroid hormones play a crucial role in theregulation of mitochondrial oxidative 

metabolism. The present study aims to investigate the free radical scavenging activity, lipid 

peroxidation and antioxidant status in both hyperthyroid and hypothyroid patients.

Thyroid hormones from the thyroid gland are necessary for the 

normal development of body organs. Primary hypothyroidism 

happens when the  thyroid itself fails. In secondary hypothyroidism 

the “hypothalamic-pituitary-thyroid-axis” works inadequately. 

Hyperthyroidism is an overfunctioning of the thyroid gland which 

results in the production of excessive thyroid hormones. This 

speeds up most of the chemical reactions in the body and causes 

mental and physical changes. An excess of thyroid hormones causes 

a toxic condition called thyrotoxicosis.

NO participates in the regulation of thyroid function. Hence it is 

possible that NO is one of the factors that plays a role in the 

regulation of thyroid vascularity and blood flow, they inturn 

produce free radicals. This leads to the production of  reactive 

oxygen species[1].

These oxidants can damage cells by starting chemical chain 

reactions such as lipid peroxidation, or by oxidizing DNA or

proteins .In the course of hyperthyroidism, oxidative stressand the 

peroxidation of lipids can be generated . Acceleration of the basal 

metabolic rate and theenergy metabolism of tissues in several 

mammalian species represent one of the major functions ofthyroid 

hormones[2]. Accumulating evidence has suggested that the 

hypermetabolic state in hyperthyroidism is associated with 

increase in free radical production and lipid peroxide levels 

,whereas the hypometabolic state induced by hypothyroidism is 

associated with a decrease in freeradical production  and in lipid 

peroxidation products.  The changes in the levels of the scavengers 

-tocopherol , glutathione andcoenzyme Q , and activities of 

antioxidant enzymes  in various tissues were found to be 

imbalanced and often opposite. It is worth mentioning that some of 

the antithyroid drugs have antioxidant effects [3,4].

It is postulated that thyroid hormones play a crucial role in 

inducing the generation of generalized oxidative stress  and 

variations in the levels of thyroid hormones in vivo have been 

considered as one of the main physiological modulators of cellular 

oxidative stress
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Literature reveals the involvement of uncontrolled oxidative 

activity as a general mechanism of tissue damage in a variety of 

pathological conditions .In particular, it has been suggested that 

the increase in reactive oxygen species induced by thyroid 

hormone leads to an oxidative stress condition in liver, cardiac and 

some skeletal muscles with a consequent lipid peroxidative 

response[5,6].Although the pathophysiological consequences of 

the accelerated lipid peroxidation are not yet fully elucidated, this 

biochemical change is thought to be responsible for some 

complications of hyperthyroidism. One of the study indicated that 

hypothyroidism reduces oxidative damage in cerebral, hepatic and 

cardiac tissues of rats; however, administration of high dose of 

thyroxin in addition to induced hypothyroidism increases 

oxidative damage in the same tissues and this damage cannot be 

prevented despite the increase in antioxidant system 

activity[7,8,9,10].

method of Yagi [11]. The pink chromogen produced by the reaction 

of thiobarbituric acid with malondialdehyde, a secondary product 

of lipid peroxidation was estimated. The absorbance of clear 

supernatant was measured against reference blank at 535 nm

2.Methods
2.1.Study population

2.2.Blood collection and hemolysate preparation 

2.3.Biochemical investigation

2.4.Estimation of lipid peroxidation

The study population consisted of 120 subjects (age and sex-

matched) divided into three groups viz.,  hypothyroid (n=40), 

hyperthoroid (n=40) and control subjects (n=40). All the subjects 

under study were recruited from J.P. Thyroid Clinic and K.G. 

Hospital and Postgraduate Medical Institute, Coimbatore, Tamil 

Nadu, India, during January 2010 to March 2011. General health 

characteristics such as age, sex, smoking status, menopausal 

status, alcohol consumption, and dietary habits, particularly as 

related to preference were investigated by a self-administered 

questionnaire. Classification of the values into raised, low or 

normal thyroid hormone levels were based on the following 

criteria. Subjects classified as having raised level of thyroid 

hormones: had FT4 values > 1.6ng/ml or, TSH < 0.4 µIU/ml or both, 

those classified as having Low level FT4 values < 0.68ng/ml, or TSH 

values > 5.0µIU/ml, or both. Subjects grouped as normal had FT4 

and TSH values within the range > 0.68 – 1.6ng/ml, and 0. 4 – 

5.0µIU/ml, respectively.

Blood samples were collected by venous puncture in yellow-

topped vacutainer gel tubes for serum and K3 EDTA vacutainer 

tubes for plasma and the plasma was separated by centrifugation 

at 1500g for 15 min. After centrifugation, the buffy coat was 

removed and the packed cells were washed three times with 

physiological saline.  A known volume of the erythrocytes was 

lysed with hypotonic phosphate buffer (pH 7.4). The hemolysate 

was separated by centrifugation at 2500× g for 15 min at 2°C. 

The level of urea, creatinine, AST, ALT, alkaline phosphatase and 

serum lipids was determined using fully automated clinical 

chemistry analyzer (Randox-Daytona and Imola). The levels of  

thyroid stimulating hormone (TSH), total triiodothyroxine (T3), 

total thyroxine (T4),free thyroxine (FT4)  and free 

triiodothyronine  (FT3) were measured by  chemiiluminesence 

microparticle Immunoassay (CMIA) on Abbott Architect fully 

automated immunoassay analyzer. AXSYM System (Abbott 

Laboratories, Abbott Park, USA) .

Lipid peroxides were estimated by measurement of 

thiobarbituric acid reactive substances (TBARS) in plasma by the 

Plasma vitamin A (β-carotene) was estimated by the method of 

Bradle and Hombeck . Proteins [17] were precipitated with ethanol 

and the carotenes were extracted into light petroleum. The 

intensity of the yellow color due to carotene was read directly at 

450 nm using a violet filter. Vitamin E was measured by the method 

of Baker et al [18] on the basis of the reduction of ferric ions to 

ferrous ions by vitamin E (a-tocopherol) and the formation of a red 

colored complex with 2.2'-dipyridyl at 520 nm. Vitamin C (ascorbic 

acid) was estimated by the method of Roe and Kuether [19]. This 

involves oxidation of ascorbic acid by copper followed by 

treatment with 2,4-dinitrophenylhydrazine that undergoes 

SOD was assayed utilizing the technique of Kakkar et al. [12]  

based on inhibition of the formation of nicotinamide adenine 

dinucleotide, phenazine methosulfate and amino blue tetrazolium 

formazan. A single unit of enzyme was expressed as 50% inhibition 

of NBT (Nitroblue tetrazolium) reduction min/ mg/Hb. CAT was 

assayed colorimetrically at 620 nm and expressed as μmoL of H O  2 2

-1 -1consumed min  mg  Hb as described by Sinha. [13] The reaction 

mixture (1.5 mL) contained 1.0 mL of 0.01 M pH 7.0-phosphate 

buffer, 0.1 mL of hemolysate and 0.4 mL of 2 M H O2 The reaction 2 .

was stopped by the addition of 2.0 mL of dichromate-acetic acid 

reagent (5% potassium dichromate and glacial acetic acid were 

mixed in 1:3 ratio).

GSH content was determined by the method of Ellman [14]  1.0 

mL of plasma was treated with 0.5 mL of Ellmans reagent (19.8 mg 

of 5,5'-dithiobisnitro benzoic acid (DTNB) in 100 mL of 0.1% 

sodium nitrate) and 3.0 mL of phosphate buffer (0.2 M, pH 8.0). The 

absorbance was read at 412 nm. 

.

GPx activity was measured by the method described by Rotruck et 

al [15] with modifications. Briefly, reaction mixture contained 0.2 

mL of 0.4 M Tris-HCl buffer pH 7.0, 0.1 mL of 10 mM sodium azide, 

0.2 mL of hemolysate, 0.2 ml glutathione and, 0.1 mL of 0.2 mM 

hydrogen peroxide. The contents were incubated at 37°C for 10 

min. The reaction was arrested by 0.4 mL of 10% TCA, and 

centrifuged. The supernatant was assayed for glutathione content 

by using Ellmans reagent. GPx activity was expressed as µmoL of 

GSH consumed min/g/Hb. 

The GST activity was determined spectrophotometrically by the 

method of Habig et al [16].  the reaction mixture contained 1.0 ml 

of 0.3 mM phosphate buffer (pH 6.5), 0.1 ml of 30 mM 1-chloro-2, 4-

dinitrobenzene (CDNB) and 1.7 ml of double distilled water. After 

preincubating the reaction mixture at 37°C for 5 min, the reaction 

was started by the addition of 0.1 ml of tissue homogenate and 0.1 

ml of glutathione as substrate. The absorbance was followed for 5 

min at 340 nm. Reaction mixture without the enzyme was used as 

blank. The activity of GST is expressed as μM of GSH-CDNB 

conjugate formed/min/mg Hb using an extinction coefficient of 
-1 -19.6 mM  cm .

2.5. Assay of superoxide dismutase and catalase

2.6.Estimation of reduced glutathione

2.7.Assay of glutathione peroxidase 

2.8.Assay of glutathione-S-transferase (GST)  

2.9. Estimation of Non-enzymatic Antioxidants



re arrangement to form a product with absorption maximum at 

520 nm.
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Information about the demographic characteristics of study 

population is shown in Table 1. The mean age limit was 39 ± 10 

years in hypothyroid patients, 40 ± 11 years in hyperthyroid 

patients and 42 ± 10 years in control subjects. Significantly 

increased body mass index in hypothyroid patients (31 ± 
25.1kg/m )and hyperthyroid patients (23 ±4.5) when compared 

2with control subjects (27 ± 4.5kg/m ). However, the levels of serum 

lipids in hypothyroid patients and control subjects did not differ 

significantly.

3.Results 

All data were expressed as mean ± S.D of number of 

experiments. The statistical significance was evaluated by 

Student's t-test using SPSS version 13.0 (SPSS, Cary, NC, USA). 

2.10.Statistical analysis

Normal Hyperthyroidism Hypoth-
yroidism

Parameters

No of subjects

Age (year)

Body mass

 index  (kg/m2)

Urea

Creatinine

Cholesterol

Triglycerides

HDL 

Cholesterol

LDL 

Cholesterol

AST

ALT

Alkaline 

Phosphatase

40 (100%)

42 ± 10

27 ± 4.5

22.03 ± 4.02

0.76 ± 0.17

180 ± 40.22

149.5± 61.06

42.18 ± 5.98

112.40 ± 32.71

19.35± 7.12

18.78 ± 6.64

85.75± 21.30

40 (100%)

40 ± 11

23 ± 4.5*

 NS24.20 ± 8.39

###0.79 ± 0.12 NS

***###125 ± 14.58

**###103.55 ± 11.79

***##38.50 ± 1.09

***###62.90± 13.09

17.45 ± 7.30 NS

 NS15.45± 6.14

*** NS121.60 ± 15.62

40 (100%)

39 ± 10

# ,$$$, ‡‡31 ± 5.1

 NS22.48 ± 3.27

$$$‡‡‡1.04 ± 0.32

 NS‡‡‡189 ± 52.04

NS‡‡‡176.78 ± 73.04 

 NS‡‡41.25 ± 2.34

NS‡‡‡124.35 ± 37.09 

19.15 ± 8.43 NS

 NS19.88 ± 14.91

$$$ NS114.55 ± 27.01

Table 1.    Demographic characteristics and biochemical 

parameters in Normal healthy Subjects and hyperthyroidism 

& hypothyroidism

Values are given as mean ± SD from forty subjects in each group

Hyperthyroidism compare with Normal subjects significant at the present -*P 

<0.5,**P<0.01,***P<0.001, NS –Non significant

#Hyperthyroidism compare with Hypothyroidism significant at the present - P 
## ###<0.5, P<0.01, P<0.001, NS –Non significant

$Hypothyroidism compare with Normal subjects significant at the present - P 
$$ $$$<0.5, P<0.01, P<0.001, NS –Non significant

Hypothyroidism compare with Hyperthyroidism significant at the present -‡P 
‡‡ ‡‡‡<0.5, P<0.01, P<0.001, NS –Non significant
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Normal Hyperth-
yroidism

Hypoth-
yroidism

Parameters

T3

T4

TSH

FT3

FT4

98.56 ±19.06

7.67±1.05

3.03±1.06

2.38 ± 0.31

0.86 ± 0.17

***###335.77±247.03

***###16.60 ± 5.29

 NS###0.02 ± 0.03

***###8.88 ± 5.85

***###4.38 ± 2.22

 NS‡‡‡71.51± 42.79

$$$‡‡‡4.77 ± 2.92

$$$‡‡‡65.84 ± 59.22

 NS‡‡‡1.34 ± 0.81

 NS‡‡‡0.51 ± 0.33

Table 2. Serum thyroid hormone status in control subjects and 

hyperthyroidism & hypothyroidism

Values are given as mean ± SD from forty subjects in each group

Hyperthyroidism compare with Normal subjects significant at the present -*P 
<0.5,**P<0.01,***P<0.001, NS –Non significant

#Hyperthyroidism compare with Hypothyroidism significant at the present - P 
## ###<0.5, P<0.01, P<0.001, NS –Non significant

$Hypothyroidism compare with Normal subjects significant at the present - P 
$$ $$$<0.5, P<0.01, P<0.001, NS –Non significant

Hypothyroidism compare with Hyperthyroidism significant at the present -‡P 
‡‡ ‡‡‡<0.5, P<0.01, P<0.001, NS –Non significant

Table 3 illustrates the level of circulatory lipid peroxidation and 
antioxidant status in control as compared to hyper and hypo 
thyroid patients. The extent of lipid peroxidation TBARS was 
significantly increased in hypothyroid and hyperthyroid patients 
when compared to healthy controls. For studying the deleterious 
consequence of thyroid dysfunction on antioxidant status, the 
activities of enzymatic antioxidants SOD, CAT, GPx, GST and non-
enzymatic antioxidants GSH were measured. The activities of 
enzymatic and the levels of non-enzymatic antioxidant were 
significantly decreased in hypothyroid patients and hyperthyroid 
patients when compared to normal healthy subjects.

Table 2 illustrates the levels of serum thyroid hormone status 
in hypothyroid patients and hyperthyroid patients as compared to 
control subjects. The level of TSH was significantly increased in 
hypothyroid patients and decreased in  hyperthyroid patients 
compared to control subjects. The levels of T4, FT4, FT3 and T3 
were significantly decreased in hypothyroid patients  and 
increased in hyperthyroid patients as compared to control 
subjects. 

Normal Hyperth-
yroidism

Hypoth-
yroidism

Parameters

TBARS

SOD

CAT

GSH

GPX

GST

VITA

VIT E

VIT C

3.62 ± 0.81

5.70 ± 1.02

50.54 ± 6.80

49.89± 8.46

8.26 ± 0.56

1.54 ± 0.54

1.14 ± 0.13

1.25 ± 0.34

1.37 ± 0.40

*** NS5.25± 2.04

 *** NS4.33± 1.44

*** NS42.51± 9.16

*** NS37.98± 11.45

*** NS6.58 ± 1.43

NS#1.69± 0.60 

* NS1.01 ± 0.28

*** 1.00 ± 0.24

 ***0.85 ± 0.21

$ NS4.58± 1.24

$$ NS4.74± 1.13

$$ NS42.89± 9..83

$$$ NS37.73± 9.14

$$$ NS 6.90± 0.72

NS‡1.35± 0.55 

 NS1.11± 0.28

$$ N0.99± 0.21$

***0.82± 0.25

Table 3.  Lipid peroxide and antioxidant status in normal 

healthy subjects   and hyperthyroidism & hypothyroidism
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Values are given as mean ± SD from forty subjects in each group
Hyperthyroidism compare with Normal subjects significant at the present -*P 

<0.5,**P<0.01,***P<0.001, NS –Non significant

#Hyperthyroidism compare with Hypothyroidism significant at the present - P 
## ###<0.5, P<0.01, P<0.001, NS –Non significant

$Hypothyroidism compare with Normal subjects significant at the present - P 
$$P $$$<0.5, <0.01, P<0.001, NS –Non significant

‡Hypothyroidism compare with Hyperthyroidism significant at the present - P 
‡‡ ‡‡‡<0.5, P<0.01, P<0.001, NS –Non significant

oxygen species which includes hydrogen peroxide (H O ), 2 2

hypochlorous acid (HClO), and free radicals such  as the hydroxyl 
radical (-OH) and the superoxide anion (O2−). The hydroxyl radical 
is particularly unstable and will react rapidly and non-specifically 
with most biological molecules. These oxidants can damage cells 
by starting chemical chain reactions such as lipid peroxidation, or 
by oxidizing DNA or proteins[38].

Super (SOD) is another important antioxidant defense in nearly 
all cells exposed to oxygen. Super oxide Dismutase repairs cells 
and reduces the damage done to them by super oxide .Studies have 
shown that SOD acts as both an antioxidant and anti inflammatory 
in the body, neutralizing the free radicals that can lead to wrinkles 
and precancerous cell changes[14].

Although the pathophysiological consequences of the 
decelerated  antioxidant  levels are not yet elucidated, this 
biochemical changes is thought to be a physiological adaptation 
and response to hypothyroidism and hyperthyroidism. In 
agreement with previous findings, the thyroid hormones involve in 
combating against the toxicity of oxidative stress in animals and in 
human. Thus, under normal conditions, the protective effect of 
thyroid hormone against oxidative stress can be explained by the 
function of  antioxidants  as a defense system. However, chronic 
state of hypothyroidism is characterized with impairments in the 
redox potential leading to free radical chain reactions and to 
metabolic suppression of  antioxidant  capacity. Our results 
supported the suggestion that thyroid hypo function in patients 
with intellectual disability in some way is linked to the low- levels 
of the major  antioxidant  molecules found in these patients. The 
depletion of  antioxidants  observed in hypothyroidism 
individuals may reflect the increased free radicals production at 
the electron transport chain on the mitochondrial inner 
membrane. The increase of free radicals was not compensated, as 
one would expect, by the decrease of  antioxidants.  A highly 
oxidative organs in hypothyroidism people share many metabolic 
and biochemical characteristics, such as mitochondrial enzyme 
activities, thus it is likely that a prolonged oxidative  status  
probably by far exceed the capacity of these organs to import from 
extracellular sources or to self-synthesis  antioxidant  molecules to 
protect the cell.

In conclusion, our present study suggests a very high production 
of ROS and oxidative stress in patients with hypothyroidism and 
hyperthyroidism with enhanced lipid peroxidation and 
concomitant failure of antioxidant defense mechanisms. Physical 
signs and symptoms in persons with hypothyroidism and 
hyperthyroidism are less reliable and there is a need for serum 
testing to determine the appropriate dosage of replacement 
thyroid hormones.The present study  recommends a blood test 
investigation also for  antioxidant  system in people with 
hypothyroidism and hyperthyroidism in order to monitor the 
progression of the pathological  status  and to consider medical 
care. 

In hypothyroid and hyperthyroid patients, the levels of TBARS 
tended to be higher compared to normal healthy subjects. 
Hyperthyroidism is a hyper metabolic state accompanied by 
increased oxygen utilization, increased production of reactive 
oxygen species and consequently measurable changes in anti 
oxidative factors [20,21]. This impaired anti-oxidative factor leads 
to the development and presence of oxidative stress in patients 
with hyperthyroidism. Hyperthyroidism resulted in a marked 
increase in intracellular antioxidant enzymes, i.e., super oxide 
dismutase, catalase and glutathione peroxidase activities as 
compared to the controls [22]. An extra cellular anti-free radical 
scavenging system potential, measured by glutathione reductase 
activity and total antioxidantstatus level, was found to be 
significantly decreased [23-27].

Our data showed significant changes in activities of SOD in all 
groups of hypothyroid  and hyperthyroid patients  compared to 
controls; however, in contrast, the results concerning GPX and CAT 
activities were significant compared to healthy subjects. Our study 
clearly demonstrates lower activities of both enzymes CAT and 
GPX in hypothyroid and hyperthyroid patients patients [28-36]. 
There was significant change in the Vitamin A,E concentration in 
hyper and hypo patients as compared to control subjects.The level 
of  vitamin C was lower in hypo and hyper thyroid patients  as 
compared to control patients[37].

One of the major effects of thyroid hormone is to increase 
mitochondrial respiration by many complex changes in the 
number and activity of mitochondrial respiratory chain 
components[10].  Accelerated mitochondrial electron 
transport,brought about by a thyroid hormone-induced 
hypermetabolicstate, results in the increased generation of 
superoxide at the site of ubiquinone .Superoxide radical can lead to 
the formation of many other reactive species, including hydroxyl 
radicals, which can readily start the free radical process of lipid 
peroxidation[38].

Recent studies suggests that NO participates in the regulation of 
thyroid function. Hence it is possible that NO is one of the factors 
that plays a role in the regulation of thyroid vascularity and blood 
flow[12]. These oxidation reactions can produce free 
radicals,which start chain reactions that damage cells. 
Antioxidants terminate these chain reactions by removing free 
radical intermediates, and inhibit other oxidation reactions by 
being oxidized themselves. This leads to the production of reactive 

4.Discussion
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