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ABSTRACT 

 

Objective: Hypothyroidism has been found to increase oxidative stress parameters and to disturb lipid 

profiles. The aim of this study was to determine the effect of high thyroid stimulating hormone level 

(TSH) on lipid profile and oxidative stress biomarkers in women particularly nitric oxide (NO•) and 

superoxide anion (O2• -).  

Patients and methods: 31 healthy women and 35 women freshly diagnosed with hypothyroid were 

included in the study. Their body mass index (BMI), TSH, glucose, plasma and erythrocyte levels of 

NO•, O2• -, malondialdehyde (MDA) and carbonyl proteins (CP) were estimated in the two groups. 

Superoxide dismutase activity (SOD) and scavenging capacity of plasma were also evaluated.  

Results: The present study showed a significant elevation in both plasma and erythrocyte NO•, MDA, 

CP and erythrocyte O2• -level in hypothyroid women compared to controls. However plasma total 

antioxidant capacity (ORAC) was significantly decreased, whereas, SOD activity was found higher in 

patients. Disequilibrium in lipid profile is noticed by elevation in total and LDL cholesterol, and 

LDL/HDL cholesterol ratio in hypothyroid women compared to healthy women. The level of TSH 

correlated significantly and positively with plasma and erythrocyte NO•, erythrocyte O2• - and 

LDL/HDL cholesterol, while plasma O2• - correlated negatively with TSH. 

Conclusion: Hypothyroidism leads to oxidant/antioxidant imbalance and lipid disturbance in women. 
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INTRODUCTION 

Hypothyroidism is associated with 

the presence of both traditional risk factors 

like dyslipidemia 
[1]

 and oxidative stress. 
[2]

 It is defined as a deficiency of both 

triiodothyronine (T3) and thyroxine (T4) 

concentration and leads to hyper secretion 

of pituitary TSH and an amplified increase 

in serum TSH levels. This is a key 

laboratory finding, particularly in the early 

detection of thyroid failure. 
[3]

 Hypothyroidism is more prevalent 

in women than men and increases with 

age. 
[4]

  

In hypothyroidism, the elevated 

LDL cholesterol level may occur as a 

result of increased cholesterol synthesis 

and absorption, decreased hepatic lipase 

and lipoprotein lipase activities and defects 

in the receptor mediated catabolism of 

LDL cholesterol. 
[5] 

http://www.ijhsr.org/
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Thyroid hormones regulate 

mitochondrial respiration and oxidative 

metabolism, and thus play an important 

role in free radical production. Therefore, 

variations in the thyroid hormone level 

may modulate in vivo cellular oxidative 

stress (OXS). 
[6]  

Nitric oxide (NO•) and superoxide 

anion (O2• -), are important in 

pathophysiological events such as 

inflammation, cancer, atherosclerosis, and 

aging. 
[7,8]

 Nitric oxide (NO•) is an 

endogenous free radical formed in a 

variety of cell types by NO-synthase 

mediated oxidation of L-arginine to L-

citrulline. 
[9]

 It is a biological messenger 

mediating many important physiological 

functions but also pathological processes. 

It plays a vital role in host defense and 

immunity by modulating inflammatory 

processes. 
[10]

 Superoxide anion radical is 

one of the strongest reactive oxygen 

species among the free radicals that are 

generated first after oxygen is taken. 
[11]

 

The prooxidant agent NO• and Superoxide 

O2• - induce oxidation of macromolecules 

such as lipids and proteins, and produce 

MDA and CP.  

Malondialdehyde is an end-product 

of lipid peroxidation and is frequently 

measured as an index of these processes. 

Lipid peroxidation is associated with a 

wide variety of toxic effects, including 

decreased membrane fluidity and function, 

impaired functions of the mitochondria 

and Golgi apparatus and inhibition of 

enzymes. 
[12]

 Carbonyl Proteins is an early 

marker of OXS. It has been depicted in the 

literature that oxidative modification of 

protein occurs whenever lipid peroxidation 

products such as 4-hydroxy nonenal, 

MDA, etc. bind covalently to amino acid 

residues on proteins. 
[13] 

Several defense mechanisms have 

evolved to protect against oxidant injury. 

Central to these defenses are the 

antioxidant enzymes. 
[14]

 The antioxidant 

enzyme superoxide dismutase, participates 

in the detoxification of reactive oxygen 

species by catalyzing the dismutation of 

superoxide radicals. Three SOD 

isoenzymes are known in humans 

including CuZn-SOD found in the 

cytoplasm and nucleus, a mitochondrial 

Mn-SOD, and extracellular SOD (EC-

SOD). 
[15] 

The mechanism of increased 

oxidative stress in hypothyroidism is 

controversial. Several studies suggest that 

an insufficient antioxidant defense system 

is thought to be a factor. Although, it has 

been indicated that the hypometabolic state 

due to hypothyroidism is associated with a 

decrease in oxidative stress. 
[16]

 Some 

authors reveal that hypothyroidism induce 

disequilibrium in oxidative stress. 
[17,18]

 

However the mechanism of initiation of 

oxidative stress in hypothyroidism is 

unknown. The present work is an attempt 

to explore an effect of TSH on oxidative 

stress parameters (particularly NO• and 

O2• -) and LDL/HDL atherogenic fraction 

in hypothyroidism women. The oxidative 

stress status was evaluated by assaying, 

plasma total antioxidant capacity (ORAC), 

markers of lipid (MDA) and protein 

oxidation (CP), pro-oxidant agents (NO• 

and O•2- ) and blood antioxidant defenses 

(superoxide dismutase activity). Also lipid 

profile, total cholesterol, LDL/HDL 

cholesterol and triglycerides were 

estimated.  

 

MATERIALS AND METHODS 

Sixty six women were recruited 

from the nuclear medicine department. 

This work was realized during the period 

of February 2011 up to February 2014. 

The control groups consisted of clinically 

normal subjects without any infectious 

disease or chronic ailments. The women 

with hypothyroidism were selected based 

on their TSH level (TSH ≥ 20 mUI/L). 
[19]

 

Exclusion criteria were as follows: 

previous treatment for hypothyroidism, 

antioxidant vitamin supplements, 

acetylsalicylic acid, inflammatory 

diseases, antihypertensive, exposure to 

high-iodine condition, smokers, alcoholics, 

pregnant, hormone replacement therapy, 
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diabetes mellitus, kidney failure, and acute 

chronic or malignant diseases. The 

participation in this study was voluntary 

and all subjects gave their written, 

informed consent.  

Anthropometric measurements 

Body weight was measured while 

the subjects were wearing light clothing 

without shoes to the nearest 0.1 kg. Height 

was measured to the nearest 0.5 cm, 

without shoes. BMI was calculated as 

weight (in kilograms) divided by height (in 

meters squared). 

The population characteristics are reported 

in Table 1. 

Blood Sampling 

Blood samples were collected after 

fasting for at least 12 h into EDTA tubes, 

at the same time (from 08:00 A. M. to 8:30 

A. M.). The samples were centrifuged at 

3000 g for 15 min and plasma was 

separated for TSH, glucose, lipid profile 

and oxidative stress markers 

determination. The remaining erythrocytes 

were washed two times with physiological 

saline and hemolyzed by the addition of 

cold distilled water. Cell debris was 

removed by centrifugation (3000 g for 15 

min).The hemolysates were assayed for 

SOD activity, NO•, O•2-, MDA and CP 

levels.  

Biochemical measurements 

TSH determination: TSH was measured 

by immunoassay analyzer using 

chemiluminescence assay on 

ARCHITECT system (Abbot Ireland 

Diagnostics Division Lisnamuck, 

Longford Co. Longford Ireland)  

Glucose Determination: Plasma glucose 

was determined by glucose oxidase 

method using a glucose analyzer 

(CHRONOLAB AG, Switzerland, 

Barcelona, SPAIN).  

Lipid Profile: Plasma total cholesterol and 

triglycerides concentrations were 

measured using standard enzymatic 

methods (Kits SIGMA Chemical 

Company, St Louis, MO, USA). High-

density lipoprotein cholesterol and Low-

density lipoprotein cholesterol were 

measured in the supernatant plasma after 

the precipitation of lipoproteins with 

dextran sulfate and magnesium chloride as 

previously described by Burstein et al. 
[20]

 

Oxidative stress measurements  

Determination of superoxide anion: The 

spectrophotometric determination of the 

O•2- was based on the reduction of 

nitroblue tetrazolium (NBT) in the 

presence of superoxide anion (O•2- ), a 

chromophor that absorbs at 550 nm. 
[21]

 

Determination of nitric oxide NO•: 

Plasma and erythrocyte NO• was 

determined by the method of Guevara et al 
[22]

 after deproteinization using methanol: 

diethyl ether (3:1, v/v). Nitrite and nitrate 

levels were measured together, nitrate 

being previously transformed to nitrite by 

cadmium reduction. Nitrite was assayed 

directly spectrophotometrically at 540 nm, 

using the colorimetric method of Griess. 

Determination of malondialdehyde: 

Plasma malondialdehyde (MDA) levels, a 

marker of lipid peroxidation, were 

determined by the reaction of MDA with 

thiobarbituric acid (Sigma Aldrich kit; St. 

Louis, MO, USA).  

Determination of Carbonyl Proteins: 

Plasma carbonyl proteins (marker of 

protein oxidation) were determined by the 

derivatization of protein carbonyl groups 

with 2, 4-dinitrophenylhydrazine leading 

to the formation of stable dinitrophenyl 

hydrazone adducts (Sigma Aldrich kit).  

Superoxide dismutase activity: 

Superoxide dismutase (SOD) activity was 

measured by spectrophotometric method 

as described by Elstner et al. 
[23]

 The 

technique is based on NADPH oxidation 

mediated by superoxide radical. The 

chemical reaction generates superoxide 

anion (O2• -) from molecular oxygen in 

the presence of EDTA, MnCl2 and 

mercaptoéthanol. NADPH oxidation is 

proportional to superoxide anion 

disponibility in the medium. The addition 

of plasma or hemolysate sample 

containing SOD to the reaction mixture 

causes a proportionate inhibition of 

NADPH oxidation. The absorbance is read 
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at 540 nm. Standards for activity were 

prepared using bovine erythrocytic SOD 

for each set of samples.  

Scavenging capacity of plasma: The 

oxygen radical absorbance capacity of 

plasma (ORAC) employs the oxidative 

loss of the intrinsic fluorescence of 

allophycocyanin (APC) as we have 

previously described in ref. 
[24]

 APC 

fluorescence decay shows a lag or 

retardation in the presence of antioxidants, 

related to the antioxidant capacity of the 

sample. Trolox was used as a reference 

antioxidant for calculating the ORAC 

values, with one ORAC unit defined as the 

net protection area provided by 1 mM final 

concentration of trolox. 

Statistical analysis: The analyzed 

parameters were statistically evaluated 

using Statistica (version 4.1; Statsoft, 

Paris, France). Results are expressed as 

means ± standard deviation (SD). 

Comparisons between the two groups; 

hypothyroidism women and healthy 

subjects were performed by the use of 

Student’s t test. Differences were 

considered statistically significant at 

P˂0.05. To determine whether statistically 

significant correlation exist between the 

different parameters, correlation 

coefficient was calculated. 

 

RESULTS 

Our results showed a significant 

elevation in TSH during hypothyroidism, 

the baseline characteristics of the 

population are profiled in table 1. 

Regarding BMI and glucose, no difference 

was observed in hypothyroidism women 

compared to controls.  

Concerning lipid profile, total 

cholesterol, LDL cholesterol and VLDL 

cholesterol levels showed an increase in 

hypothyroidism women compared to the 

control group (table 2). However, LDL/ 

HDL ratio was highly elevated in patients, 

while triglycerides level presented no 

difference in patients and controls. 

While pro-oxidant agents, plasma 

and erythrocyte NO• was higher in patients 

compared to controls, whereas O2• - level 

increased in erythrocyte but not in plasma 

of hypothyroidism women compared to 

controls. Concerning MDA and CP high 

levels was observed in both plasma and 

erythrocyte (table 3 and 4). 
 

Table 1: Characteristics of the study groups 

Characteristics Controls Patients  

Number 31 35 

Gender Female Female 

Age (years) 45.63 ± 0.79 46.24 ± 0.87 

BMI (kg/m2) 26.66 ± 0.77 28.27 ± 0.81 

TSH 1.48 ± 0.02 22.74 ± 1.68*** 

Glucose (mmol/L) 5.53 ± 0.10 5.24 ± 0.17 

Values are presented as means±SD. * P<0.05,***P<0.001; BMI 

: body mass index (weight/height2), TSH: Thyroid stimulating 

hormone. 

 

Table 2: Lipid profile of the study groups 

 Controls Patients 

Total cholesterol (mmol/L) 3.53 ± 0.14 3.98 ± 0.18* 

HDL cholesterol (mmol/L) 1.31 ± 0.10 0.78 ± 0.07*** 

LDL cholesterol (mmol/L) 1.13 ± 0.06 1.49 ± 0.11** 

VLDL cholesterol (mmol/L) 0.25 ± 0.02  0.56 ± 0.04***  

LDL/HDL cholesterol 1.07 ± 0.06 1.78 ± 0.17*** 

Triglycerides (mmol/L) 1.00 ± 0.16 1.05 ± 0.08 

Values are presented as means±SD. * P<0.05,**P<0.01, 

***P<0.001;HDL : high-density lipoprotein, LDL : low-density 

lipoprotein, VLDL : very low-density lipoprotein. 

 

Table 3: Plasma oxidative stress biomarkers of the study 

groups 

 Controls Patients 

O•2 - (µmole/L) 2.89 ± 0.24 2.53 ± 0.26 

NO• (µmole/L) 86.54 ± 9.19 113.37 ± 4.54* 

MDA (µmole/L) 1.03 ± 0.05 1.53 ± 0.16** 

CP (µmole/L) 5.99 ± 0.27 6.87 ± 0.31* 

Values are presented as means±SD, *P<0.05; **P<0.01; O•2 -: 
superoxide anion, NO•: nitric oxide, MDA: malondialdehyde, 

CP: carbonyl proteins 

 

Table 4: Erythrocyte oxidative stress biomarkers of the 

study groups 

   Controls Patients 

O•2 - (mmole/L) 15.01 ± 0.76 39.26 ± 3.45*** 

NO• (µmole/L) 105.63 ± 7.90 132.44 ± 6.93* 

MDA (µmole/L) 4.54 ± 0.17 7.19 ± 0.35*** 

CP (µmole/L) 1.50 ± 0.07 1.90 ± 0.16* 

Values are presented as means±SD, *P<0.05; ***P<0.001; O•2 

-: superoxide anion, NO•: nitric oxide, MDA: malondialdehyde, 
CP: carbonyl proteins. 

 

The antioxidant SOD activity in 

both plasma and erythrocyte were 

significantly higher in patients (figure1). 

However, ORAC presented low level in 

hypothyroidism women compared to 

controls (figure 2). 
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Figure 1: Plasma and erythrocytes levels of superoxide dismutase activity (SOD). Values are presented as means±SD, ***P<0.001 indicates 
a highly significant difference between healthy controls and hypothyroidism patients. 

 

 
Figure 2: ORAC: oxygen radical absorbance capacity which 
represents total plasma antioxidant capacity 

 

Table 5: Pearson correlations of prooxidant agents and 

atherogenic risk with thyroid stimulating hormone in freshly 

diagnosed hypothyroid women  

 r P 

Plasma NO•  0.46 0.01 

Erythrocyte NO• 0.56 0.01 

Plasma O•2-  -0.51 0.01 

Erythrocyte O•2-  0.51 0.001 

LDL/HDL cholesterol 0.41 0.01 

Values are presented as correlation coefficients (r). Statistically 

significant: *P < 0.01; **P < 0.001; P < 0.0001. 
 

In the hypothyroid women, TSH 

was statistically and positively correlated 

with plasma and erythrocyte NO• (P < 

0.01), erythrocyte O2• - (P < 0.001) and 

LDL/HDL cholesterol (P < 0.01). In 

contrast, the r values of TSH and plasma 

O2• - were statistically and negatively 

correlated (P < 0.01) (table 5). 

 

DISCUSSION  

The thyroid disorders are known to 

alter the lipid metabolism and oxidative 

stress balance. 
[2,25-27]

 The results of this 

study showed an increase in total 

cholesterol, and LDL/ HDL cholesterol 

ratio in patients. Hypothyroidism leads to 

increased intestinal cholesterol absorption 

due to thyroid hormone actions on 

Niemann-Pick C1-like 1 protein in the gut. 
[28] 

The thyroid hormone effects on LDL 

cholesterol receptor expression and 

cholesterol absorption outweigh the effects 

of decreased hepatic cholesterol synthesis, 

leading to a net accumulation of serum 

LDL cholesterol in hypothyroidism. 

Cholesteryl ester transfer protein (CETP) 

transfers cholesterol from HDL cholesterol 

to LDL cholesterol and very low density 

lipoprotein (VLDL). Plasma CETP 

concentrations are decreased in 

hypothyroidism, which may lead to 

alterations in serum HDL-C 

concentrations. 
[29,30]

 The increased LDL 

cholesterol and decreased HDL cholesterol 

levels enhance LDL/ HDL cholesterol 

ratio, which are characteristic of 

atherogenic risk. In fact, TSH was 

positively correlated with LDL/HDL 

cholesterol. High level TSH in body 

causes endothelial dysfunction and 

increased serum levels of IL-6, TNF-α, 

CRP and several indices of oxidative stress 

which link to atherosclerosis. 
[31] 

On the other hand, a rise of NO• 

and O2• - levels induces lipoprotein 

oxidation which contributes to the 

atherosclerotic plaque formation. 
[32]
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Deliconstantinos et al. 
[33]

 suggest that an 

increase in cholesterol content of 

endothelial cell membranes could 

participate in impairment of membrane-

bound (NO•) synthase activity. 
[10] 

The increase in erythrocyte O2• -, 

plasma and erythrocyte NO• in 

hypothyroidism women seen in the present 

study was associated with enhanced levels 

of TSH. In fact, the NO• level was found 

higher in hypothyroidism. 
[18]

 This 

prooxidant agent is generated by two 

distinct isoforms of nitric oxide synthases: 

inducible (iNOS) and endothelial NOS 

(eNOS). 
[34]

 According to Naseem 
[32]

 

when the levels of O2• - increase, the 

interaction with NO• becomes the favored 

reaction and NO• is able to outcompete 

SOD for O2• -. Superoxide radicals and 

NO• can lead to the formation of many 

other reactive species, including hydroxyl 

radicals (OH•), which can readily start the 

free-radical process of lipid peroxidation. 
[35]

 This explains the elevation of MDA 

level in hypothyroidism women. Indeed, 

hypothyroidism raises MDA levels and 

leads to protein carbonylation. 
[13,36,37]

 This 

pro-oxidant marker reflects the long 

exposure to oxidative stress. 
[38]

 

 In this study, TSH was statistically 

and negatively correlated with plasma O•2 

- .No difference was observed concerning 

plasma O•2 - level in hypothyroidism 

women compared to controls. This result 

may be explained in part by action of TSH 

on O•2 -, short half-life (few seconds) of 

O•2-, 
[39]

 and this instability and reacting. 

Firstly, depression of metabolism due to 

hypothyroidism has been reported to 

decrease oxidant production. 
[40]

 Also, a 

high SOD activity neutralized O•2 - by its 

conversion to H202 and the dioxygen 

molecule. 
[15]

 On the other hand O•2 - 

reacts with NO•, this reaction induces 

potential damage to lipids, proteins and 

DNA. Lipid peroxidation, and oxidative 

degeneration of polyunsaturated fatty acids 

leads to the formation of highly reactive 

aldehydes such as malondialdehyde 

(MDA) which can bind covalently to 

proteins resulting in their structural 

modifications and affecting biological 

function. 
[41]

 This explains high plasma 

MDA and CP levels in hypothyroidism 

women compared to controls.  

Concerning SOD, it was reported 

that this enzyme is important to oxygen 

radical-scavenging. 
[42]

 The enzyme is both 

constitutive and inducible under oxidative 

stress. 
[43]

 The increase in SOD activity in 

hypothyroidism indicates the presence of 

oxidative stress due to an overproduction 

of O•2 - and NO• found in patients 

compared to the control group. The 

reaction of NO• with superoxide depends 

on superoxide concentration, which in 

turn, is controlled by SOD; this may be a 

reason for enhanced SOD activity. 
[44]

 

Superoxide dismutase catalyzes the 

dismutation of the superoxide anion into 

hydrogen peroxide (H2O2), which is then 

deactivated to water (H2O) by catalase or 

glutathione peroxidase (GPx). 
[45,46]

 

Cytosolic CuZn-SOD and mitochondrial 

Mn-SOD react with intracellular O•2 -, 

while extracellular O•2- level was limited 

by extracellular SOD (EC-SOD), and is 

particularly abundant in the interstitium of 

the arterial wall. 
[39]

 

Previous studies have suggested 

that plasma ORAC levels have been 

modified during oxidative stress situation. 
[47]

 Our data revealed that the ORAC was 

decreased in patients which presents an 

evident oxidative stress marked by an 

elevation in O•2 -, NO•, MDA, CP levels. 

The free radical accumulation in 

hypothyroidism could be due to various 

reasons such as decreased clearance of 

oxidants, increased pro-oxidant agents and 

disorders of lipid profile providing 

substrate for enhanced lipid peroxidation.  

All these results suggest that during 

hypothyroidism, different risk factors lead 

to atherogenic risk associated with 

enhanced oxidative stress. Since it is 

caused by overproduction of O•2 - and 

NO• leading principally to the formation 

of MDA and CP. Then, the decrease of 
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ORAC suggest more exceeding SOD 

activity due to outcompete NO• for O•2 -. 

 

CONCLUSION 

The present study shows that 

hypothyroidism in women was marked by 

NO• with O•2 - reaction, leading 

macromolecule (MDA and PC) oxidation 

and SOD activity exceeding. These 

findings indicate that TSH seems to have 

an impact on oxidative stress, antioxidant 

system and atherogenic risk induction. 

Oxidant and antioxidant status in 

hypothyroid subjects should be carefully 

considered, and appropriate management 

should be organized, including antioxidant 

supplementation. However, such a 

suggestion needs more investigation to 

confirm it. 

 
ACKNOWLEDGMENTS 

This research was supported by a 

financial support from the Algerian Research 

investigation (PNR 185 ANDRS, 2011). The 

authors are grateful to the patients and subjects 

who volunteered to participate in this study 

and all the members of nuclear medicine 

department of Tlemcen University Hospital 

Center (Algeria). 

Conflicts of interest: nil 

Abbreviations: BMI, body mass index; TSH, 

thyroid stimulating hormone; NO•, nitric 

oxide; NOS, nitric oxide synthase; O2• -, 

superoxide anion; OH•, hydroxyl radicals; 

MDA, malondialdehyde; CP carbonyl 

proteins; ORAC, total antioxidant capacity; 

SOD, superoxide dismutase; HDL, high 

density lipoproteins; LDL, low density 

lipoprotein; VLDL, very low density 

lipoprotein ; T3, triiodothyronine; T4, 

thyroxine; OXS, oxidative stress; NADPH, 

oxidase, nicotinamide adenine dinucleotide 

phosphate-oxidase; GPx, glutathione 

peroxidase. 

 

REFERENCES 

1. Lithell H, Boberg J, Hellsing K, et al. 

Serum lipoprotein and apolipoprotein 

concentrations and tissue lipoprotein-

lipase activity in overt and subclinical 

hypothyroidism: the effect of 

substitution therapy. European Journal 

of Clinical Investigation.1981;11: 3–

10. 

2. Sundaram V, Hanna AN, Koneru L, et 

al. Both hypothyroidism and 

hyperthyroidism enhance low density 

lipoprotein oxidation.J. Clin. 

Endocrinol. Metab. 1997;82:3421–

3424.  

3. Prakash A, Lal AK. Serum lipids in 

hypothyroidism: our experience. 

Indian Journal of Clinical Bio-

chemistry.2006;21:153–155. 

4. Valeix P, Dos Santos C, Castetbon K, 

et al. Thyroid hormone levels and 

thyroid dysfunction of French adults 

participating in the SU.VI.MAX 

study. Annales d’Endocrinologie. 

2004;65:477–486. 

5. Galesanu C, Lisnic N, Teslaru R, et al. 

Lipid profile in a group of 

hypothyroid patients Vs treated 

hypothyroid patients. Rev Med Chir 

Soc Med Nat Iasi. 2004;108:554–560. 

6. Guerrero A, Pamplona R, Portero-Otin 

M,et al. Effect of thyroid status on 

lipid composition and peroxidation in 

the mouse liver. Free Radic Biol Med 

199;26:73–80. 

7. Halliwell B, Gutteridge GM . Role of 

free radicals and catalytic metal ions 

in human disease: an overview. 

Methods Enzymol. 1990; 186:1–85. 

8. Stadtman ER. Protein oxidation in 

aging and age-related diseases. Ann N 

Y Acad Sci. 2001; 928:22–38. 

9. Moncada S, Higgs A. The L-arginine-

nitric oxide pathway. N Eng J Med. 

1993;329:2002–2012. 

10. Farrel AJ, Blake DR. Nitric oxide. An. 

Rheu. Dis. 1996;55:7–20. 

11. Mohammad AM, Koji Y, Toshiki M, 

et al. Superoxide Anion Radical 

Scavenging Activities of Herbs and 

Pastures in Northern Japan 

Determined Using Electron Spin 

Resonance Spectrometry. Int J Biol 

Sci. 2007;3:349–355. 

12. Draper HH, Hadley M. 

Malodialdehyde determination as 

index of lipid peroxidation. Methods 

Enzymol. 1990;186:421–31. 

13. Dalle-Donne I, Rossi R, Giustarini D. 

Protein carbonyl groups as biomarkers 

of oxidative stress. Clin Chim Acta. 

2003;329:23–38. 



                   International Journal of Health Sciences & Research (www.ijhsr.org)  125 
Vol.6; Issue: 3; March 2016 

14. Chattopadhyay S, Sahoo DK, Subudhi 

U,et al. Differential expression 

profiles of antioxidant enzymes and 

glutathione redox status in 

hyperthyroid rats: a temporal analysis. 

Comp Biochem Physiol. C. 

2007;146:383–391. 

15. Fukai T, Ushio-Fukai M. Superoxide 

Dismutases: role in redox signaling 

vascular function, and diseases. 

Antioxidants & Redox Signaling. 

2012;15:1583–1606. 

16. Subudhi U, Dasa K, Paital B, et al. 

Alleviation of enhanced oxidative 

stress and oxygen consumption of L-

thyroxine induced hyperthyroid rat 

liver mitochondria by vitamin E and 

curcumin. Chem Biol Interact. 

2008;173:105–114. 

17. Cebeci E, Alibaz-Oner F, Usta M, et 

al. Evaluation of oxidative stress, the 

activities of paraoxonase and 

arylesterase in patients with 

subclinical hypothyroidism. Journal of 

Investigative Medicine. 2012;60:23–

28. 

18. Baskol G, Atmaca H, Tanriverdi F,et 

al. Oxidative stress and enzymatic 

antioxidant status in patients with 

hypothyroidism before and after 

treatment. Experimental and Clinical 

Endocrinology and Diabetes. 

2007;115:522–526. 

19. American Association of Clinical 

Endocrinologists AACE clinical 

practice guidelines for the evaluation 

and treatment of hyperthyroidism and 

hypothyroidism.1995. Available 

from http:// 

www.aace.com/guidelines/thyroid-

guide.html.  

20. Burstein M, Scholnick HR, Morfin R. 

Rapid method for the isolation of 

lipoproteins from human serum by 

precipitation with polyanions. J.Lipid. 

Res. 1989;11:583. 

21. Auclaire C, Voisin E. Nitroblue 

tetrazolium reduction. In: Greenworld 

R A, editor. Handbook of Methods for 

Oxygen Radical Research. Boca 

Raton:CRC Press, Inc;1985.pp. 123–

132. 

22. Guevara I, Iwanejko J, Dembińska-

Kieć A, et al. Determination of 

nitrite/nitrate in humanbiological 

material by the simple Griess reaction. 

Clin Chim Acta. 1998;274:177–188. 

23. Elstner EF, Youngman RJ, Obwald 

W. Superoxide dismutase. 

In:Bergmeyer H B editor. Methods of 

Enzymatic Analysis. vol. III; 1983. 

pp.293–302. 

24. Merzouk S, Hichami A, Sari A, et al. 

Impaired oxidant/antioxidant status 

and LDL-fatty acid composition are 

associated with increased 

susceptibility to peroxidation of LDL 

in diabetic patients. J Gen Physiol 

Biophys. 2004;23:387–399. 

25. Tan FP, Reuters VS, Ferreira MM. 

Lipid profile in different degrees of 

hypothyroidism and effects of 

levothyroxine replacement in mild 

thyroid failure. J Lab Clin Med. 

2008;151: 224–231. 

26. Valko M, Leibfritz D, Moncol J,et al. 

Free radicals and antioxidants in 

normal physiological functions and 

human disease. Int J Biochem Cell 

Biol.2007;39:44–84 . 

27. Torun AN, Kulaksizoglu S, 

Kulaksizoglu M, et al.Serum total 

antioxidant status and lipid 

peroxidation marker malondialdehyde 

levels in overt and subclinical 

hypothyroidism. Clin Endocrinol. 

2009;70:469–474. 

28. Gälman C, Bonde Y, Matasconi M, et 

al. Dramatically increased intestinal 

absorption of cholesterol following 

hypophysectomy is normalized by 

thyroid 

hormone.Gastroenterology.2008;134:1

127–1136.  

29. Tan KC, Shiu SW, Kung AW. Plasma 

cholesteryl ester transfer protein 

activity in hyper- and hypothyroidism. 

J Clin Endocrinol Metab. 1998; 

83:140–143.  

30. Dan L, Anthony S, Dennis L, et al.  

Principles of Internal Medicine. In : 

Harrison's Editor. New York; 2012. 

pp. 346–347. 

31. Dardano A, Ghiadoni L, Plantinga Y, 

et al. Recombinant human TSH 

reduces endothelium-dependent 

vasodilation in patients monitored for 

differentiated thyroid carcinoma. J 

Clin Endocrinol Metab. 2006;91: 

4175–4178. 

http://www.aace.com/guidelines/thyroid-guide.html
http://www.aace.com/guidelines/thyroid-guide.html


                   International Journal of Health Sciences & Research (www.ijhsr.org)  126 
Vol.6; Issue: 3; March 2016 

32. Naseem KM. The role of nitric oxide 

in cardiovascular diseases. Molecular 

aspects of medecine. 2005;26:33–65. 

33. Deliconstantinos G, Villiotou V, 

Stavrides J. Modulation of particulate 

nitric oxide synthase activity and 

peroxynitrite synthesis in cholesterol 

enriched endothelial cell membranes. 

Biochemical Pharmacology. 

1995;11:1589–1600. 

34. Cohen RA. The potential clinical 

impact of 20 years of nitric oxide 

research. Am J Physiol. 1999;276: 

1404–1407. 

35. Messarah M, Boulakoud M, 

Boumendjel A. The impact of thyroid 

activity variations on some oxidizing-

stress parameters in rats. C R 

Biologies. 2007;330:107–112. 

36. Erdamar H, Demirci H, Yaman H, et 

al. The effect of hypothyroidism, 

hyperthyroidism, and their treatment 

on parameters of oxidative stress and 

antioxidant status. Clin Chem Lab 

Med. 2008;46:1004–1010. 

37. Haribabu A, Reddy VS, Pallavi C, et 

al. Evaluation of protein oxidation and 

its association with lipid peroxidation 

and thyrotropin levels in overt and 

subclinical hypothyroidism, 

Endocrine. 2013;44:152–157. 

38. Uzun H, Konukoglu D, Gelisgen R. 

Plasma protein carbonyl and thiol 

stress before and after laparoscopic 

gastric banding in morbidly obese 

patients. Obes Surg. 2007;17:1367–

1373. 

39. Stralin P, Karlsson K, Johansson 

BO,et al. The interstitium of the 

human arterial wall contains very 

large amounts of extracellular 

superoxide dismutase. Arterioscler 

Thromb Vasc. Biol. 1995;15:2032–

2036. 

40. Coria MJ, Pastr´an AI, Gimenez MS. 

Serum oxidative stress parameters of 

women with hypothyroidism. Acta 

Biomedica de l’Ateneo Parmense. 

2009;80:135–139. 

41. Grimsrud PA, Xie H, Griffin TJ, et al. 

Oxidative stress and covalent 

modification of protein with bioactive 

aldehydes. J Bio Chem. 

2008;283:21837–21841. 

42. Yilmaz S, Ozan S, Benzer F, et al. 

Oxidative damage and antioxidant 

enzyme activities in experimental 

hypothyroidism. Cell Biochemistry 

and Function. 2003;21:325–330.  

43. Vertuani S, Angusti A, Manfredini 

AS. The antioxidants and pro-

antioxidants network: an overview. 

Curr Pharm Des. 2004;10:1677–1694. 

44. Pryor WA, Squadrito GL. An invited 

review: The chemistry of 

peroxynitrite: A product from the 

reaction of nitric oxide with 

superoxide. Am J Physiol.1995; 

268:699–722. 

45. Das K, Chainy GBN. Thyroid 

Hormone influences antioxidant 

defense system in adult rat brain, 

Neurochemical Research. 2004;29: 

1755–1766.  

46. Senthil S,Veerappan RM, 

Ramakrishna M, et al.Oxidative stress 

and antioxidants in patients with 

cardiogenic shock complicating acute 

myocardial infarction. Clinica 

Chimica. Acta. 2004;348:131–137. 

47. Serafini M, Del Rio D. Understanding 

the association between dietary 

antioxidants, redox status and disease: 

is the total antioxidant capacity the 

right tool?, Redox. Rep. 2004;29:145–

152. 

 

 

 

*********** 

 

 

How to cite this article: Bekhti-Sari
 
F, Mokhtari-Soulimane

 
N, Merzouk

 
H

 
et al. High thyroid 

stimulating hormone level contributes to nitric oxide and superoxide anion overproduction in 

women with hypothyroidism. Int J Health Sci Res. 2016; 6(3):118-126. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Erdamar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18605962
http://www.ncbi.nlm.nih.gov/pubmed?term=Demirci%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18605962
http://www.ncbi.nlm.nih.gov/pubmed?term=Yaman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18605962
http://www.ncbi.nlm.nih.gov/pubmed/18605962
http://www.ncbi.nlm.nih.gov/pubmed/18605962
http://www.ncbi.nlm.nih.gov/pubmed/18605962
http://www.thieme-connect.com.secure.sci-hub.org/products/ejournals/linkout/10.1055/s-0033-1348262/id/R2012-08-0225-0005
http://www.ncbi.nlm.nih.gov/pubmed/15453272

