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Abstract 

Many hypothyroid and hyperthyroid patients are anemic because the changes in the 

concentration of thyroid hormones result in the increased generation of reactive oxygen species 

(ROS) and oxidative stress leading to changes within the erythrocytes membrane; during this 

study, the osmotic fragility of the red blood cells and proteins of their membrane from non-

treated hypo and hyperthyroid patients diagnosed on the idea of clinical examinations and 

paraclinical data were compared with a control group. The study included 140 samples collected 

from patients who suffer from thyroid disorders and 100 samples collected from healthy people 

as a control group. Ranged in age from patients and healthy individuals (17-79) years. 

Hormones, antioxidants, and malondialdehyde were measured by ELISA methods; whilethe 

osmotic fragility and erythrocyte membrane proteins were measured according to the standard 

method.Significant changes were observed in the level of hormones, TSH increased in 

hypothyroidism and decreased in hyperthyroidism while T3 and T4 increased in hyperthyroidism 

and decreased in hypothyroidism. CAT, SOD, and GR were changed significantly that increased 

in hyperthyroidism and decreased in hypothyroidism. No significant changes were observed in 

the osmotic fragility in hypothyroidism but showed significant changes in hyperthyroidism in the 

0.45-0.9 NaCl; Whereas erythrocyte membrane proteins  

decreased significantly in both cases. The present study confirmed increased oxidative stressand 

impairment of the antioxidant system in hypo and hyperthyroidism and its effect on the 

erythrocyte membrane by increasing osmotic fragility and decreasing membrane proteins. 
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1. Introduction 

The thyroid is a small endocrine located ahead of the trachea; It uses iodine to 

supply thyroid hormones, which are essential for normal growth, 

development, maturation, and regulation of metabolism when iodine 

deficiency occurs resulting in hormone deprivation (1). Thyroid hormones T3 

and T4 act in many tissues to increase the basal rate, partly by regulating 

mitochondrial ATP synthesis(2). Therefore, because the actions of hormones 

are within the broad sense stimulatory, the manifestations of hyperthyroidism 

usually reflect the increased functioning of varied organ systems to satisfy the 

stress imposed by hyperthyroidism. (3) 

Enzymatic antioxidants include catalase (CAT), which is that the first line of 

defense within the cell that removes peroxide (H2O2) formed during biological 

processes byconverting it into an aldehyde. There are three major families of 

Superoxide dismutase (SOD) enzymes: manganese SOD (Mn-SOD) within 

the mitochondria and peroxisomes, iron SOD (Fe-SOD) in prokaryote cells, 

and copper/zinc SOD(Cu-Zn SOD) within the cytoplasm ofeukaryote cells 

(4). Hence, changes within the metal co-factors can alter the effectiveness of 

SOD and should cause diseases as a result of oxidative stress (5). Glutathione 

reductase (GR) is additionally an enzymatic antioxidant that converts the 

oxidized glutathione to the reduced glutathione within the presence of 

NADPH(Nicotinamide Adenine Dinucleotide Phosphate), which is oxidized 

to NADP+(Nicotinamide Adenine Dinucleotide Phosphate)(6) 

Mammalian red blood cells have a biconcave shape. If red blood cells are put 

in the isotonic solution, there is a small net osmotic movement of water, the 

shape of the cells stay the same. If RBCs are placed during the hypotonic 

solution than is found inside the cells, water moves into the RBCs by osmosis, 

causing the cells to swell. If the erythrocytes are placed inthe solution with a 

hypertonic solution, water moves out of the cell by osmosis, the shape ofthe 

cell becomes smaller (7;8).thyroid hormones can affect red cell volume by 

altering the Na+-K+-ATPase activity and can also influencethe fluidity and 

strength of the membrane within the RBCthrough changes within the 

composition of the plasma membrane, we attempted to analyze the osmotic 

fragilityof RBC from newly diagnosed hypo- and hyperthyroidpatients 

compared with of control(9). 

The present study aimedto assessthe changes in oxidative stress, enzymatic 

antioxidant, and osmotic fragility in thyroid disorders. 

2. Methods: 

2.1 Blood Samples Collection: 

Ten ml of venous blood were collected from a suitable vein. Tourniquet has 

applied about 4-5 finger width above the selected venipuncture site and was 

disinfected by 70% of Ethanol for 30 seconds and allowed to dry completely. 
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After sufficient blood has been collected, the tourniquet was released before 

withdrawing the needle. 3 ml of blood samples were transferred rapidly to a 

clean dry EDTA tube and shaken gently then used directly for osmotic 

fragility test. Anther 3 ml of blood samples put in other dry EDTA tubes and 

shaken gently then used to mitochondrial measurement and isolation of RBC 

membranes and estimation of their proteins. The residual part of the blood 

sample was transferred to a glass tube (free of anticoagulation) and let to 

coagulate for serum separation by using a centrifuge of 4000 rpm for 5 

minutes. The isolated serum was collected in a sterile clean white tube and 

kept at -20 °C to be used for thyroid hormones and antioxidant studies. 

2.2 Measurement of the Hormones levels 

Accu-Bind ELISA microwell kit (form MonobindInC, USA) was used for the 

quantitative determination of Total Triiodothyronine (tT3), and total thyroxine  

(tT4)  concentration in human serum by microplate Enzyme immunoassay. 

The quantitative immune enzymatic assay of TSH was based on the ELIFA 

technique by Mini VIDAS according to Bio Merieux company procedure 

(France). 

2.3 Measurement of the Malondialdehyde and activity of enzymatic 

antioxidant  

The antioxidant activities of MDA, CAT, SOD, and GR were measured using 

enzyme-linked immunosorbent assay kits purchased from Kamiya Biomedical 

Company (Seattle, US) and Cayman Chemical (Michigan, US), according to 

the manufacturer's instructions. 

2.4 Measurement of the Erythrocytes osmotic fragility 

Erythrocytes osmotic fragility measured according toAlvarez-Llamas et 

al.(10), cells were washed 3 times with 0.9% NaCl; for each washing, 1.5 ml 

of the blood sample was mixed with 8.5 ml of 0.9% NaCl and centrifuged for 

5 min at 1000 rpm. After removing the supernatant of the last centrifugation, 

red cells were suspended in 1.5 ml of 0.9% NaCl and 50 μl of cell suspension 

was added in triplicate to the tubes containing 1 ml of different NaCl 

concentration (0-0.9%). Tubes were incubated for 30 min at 37 C in a water 

bath and then centrifuged for 10 min at 3000 rpm. The optical density (OD) of 

the supernatant was measured at 540 nm using a spectrophotometer. 

2.5 Measurement of the Erythrocyte membrane proteins 

The three-stage method was used to isolate erythrocyte membranes depending 

on the Clark & Switzer(11)method. After getting an RBC ghost, the 

membrane proteins were isolated by Ghwarsh et al, (12) method to get 

suspension representing RBCs membrane protein. the Folin-Lowry protein 

assay method was used to estimate RBCs membrane proteins in membrane 

protein extracts (13) 

2.6 Statistical 
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The Statistical Analysis System- SAS (14)program was used to detect the 

effect of different factors in study parameters. The least significant difference 

–LSD test (Analysis of Variation-ANOVA) was used to significantly compare 

between the means.  

3. Result 

The present study showed (Table 1) a significant difference in the level of 

TSH in control and hypothyroidism and hyperthyroidism with p-value ≥ 0.01. 

The mean of the TSH level of hyperthyroidism was lower than that of 

hypothyroidism and control group. While the mean of TSH level of 

hypothyroidism was higher than that of control and hyperthyroidism; the 

means for three groups were 2.660 µIU/ml (control), 0.291 µIU/ml 

(hypothyroidism), and 7.271 µIU/ml (hyperthyroidism). Also, the present 

study showed a significant difference in the level of T3 and T4 in control, 

hypothyroidism, and hyperthyroidism (P≥0.01). The mean of the level of the 

hormonesinhypothyroidism was lower than that of hyperthyroidism and 

control group. While the mean of T3 level inhyperthyroidism was higher than 

that of control and hypothyroidism; the T3 means for three groups were 1.697 

ng/ml, 0.464 ng/ml, and 3.956ng/ml; and for T4 5.933 µg/ml, 1.319 µg/ml, 

and 10.768 µg/ml respectively. 

The results in Table 1show the means of enzymatic antioxidants activity in the 

serum of patients with thyroid disorders and control groups. The table 

showing a significant(P<0.01) decrease in the activity of CAT, SOD, and GR 

(55.869 IU, 1.641 U/ml, 1.036 IU)  in hypothyroidism patients in comparison 

with the control group. Whereas the results of hyperthyroidism patients 

showed a significant (P≤0.01)  increase in the activity of SOD (3.464 U/ml) 

and GR (3.871 IU); and a non-significant increase in the activity of  CAT 

(75.387 IU) in compared with the control group. Also, the results in table 1 

showed a significant (P≤0.01) decrease in MDA concentration in 

hypothyroidism patients (0.529 nmol/mg) compared with the control group 

(0.724 nmol/mg). While the result showed a significant increase (P≤0.01) in 

MDA concentration in hyperthyroidism (1.381 nmol/mg) compared with the 

control group. 

The results for protein isolated from RBC membranes showed (Table 1) a 

significant decrease (P≤0.01) in protein concentration that isolated from RBC 

membranes in both hypothyroidism and hyperthyroidism patients (1.288, 

0.973 µg/ml, respectively) compared with the control group (1.893 µg/ml).  

The results of the statistical analysis in figure 1  for osmotic fragility of RBC 

in patients and control groups showed a significant decrease (P≤0.05) for RBC 

hemolysis (5.51) in hyperthyroidism patients of 0.9 NaCl concentration; also 

the results showed a significant decrease (P≤0.01) for RBC hemolysis in NaCl 

concentration 0.85 (5.34), 0.75 (5.41), 0.5(28.67) and, 0.45 (74.74) 

respectively compared with the control group. The results showed a non-

significant decrease in RBC hemolysis in hypothyroidism patients in all NaCl 

concentrations. 
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4. Discussion 

Hyperthyroidism is a clinical condition due to an excessive increase in thyroid 

hormones, particularly triiodothyronine (T3) and thyroxine (T4). The most 

common cause of hyperthyroidism is toxic goiter or Graves’ disease (15). 

Under normal conditions, epithelial cells of the thyroid gland have a moderate 

production of reactive oxygen species (ROS) that are physiologically required 

for the formation of T3 and T4, ROS cause oxidative damage to the 

macromolecular structures of the cell and releasing large amounts of 

hormones (16).Hypothyroidism is that the most prevalent thyroid disorders in 

small ruminants and causes disorders that reduce the animal’s ability to 

defend against infections and render it at risk of ketosis (17). American 

Thyroid Association, (18) Showed the role of iodine; iodine deficiency is the 

most common cause of hypothyroidism and too much iodine can also cause or 

worsen hypothyroidism. Marcocci et al. (19) suggest that increased ROS 

generation may contribute to generating some clinical manifestations of 

thyrotoxicosis and that antioxidant treatment may improve the clinical picture. 

The pituitary tells the thyroid how much hormone to form. If the pituitary is 

damaged by injury, a tumor, radiation, or surgery, it's going to not be ready to 

give the thyroid the right instructions, and therefore the thyroid may stop 

making enough hormone (20). 

Oxidative stress is associated with both hyperthyroidism and hypothyroidism 

(21). However, the mechanisms by which oxidative stress is generated in 

these two clinical conditions are different: increased ROS production in 

hyperthyroidism and low availability of antioxidants in hypothyroidism. The 

increased turnover of mitochondrial proteins and mitoptosis also participate 

within the regulation of the oxidative status, by removing the mitochondria 

damaged by oxidative stress (22). 

Within the hypothyroid state, there is a significant reduction in total 

antioxidant capacity and decreased total reduced glutathione content within 

RBC. These together could play a very important role in the development of 

oxidative stress and ultimately put the cell at risk of hemolysis (23). Also, the 

reduction in catalase activity has been reported in thyroid disorders that lead 

to the buildup of H2O2. Excess H2O2 could react with NO to get peroxynitrite 

and various other hydroxyl free radicals. These radicals could further react 

with and lead to damage to cellular structures which is understood as lipid 

peroxidation (24);(25). 

Zahediasl et al. (26) clear mechanical hemolysis was found to be lower if 

thyroxine (T4) was included in RBC suspensions at concentrations near to the 

physiological levels. Toplan et al.,(27)and Evelyn et al.,(28) showed there was 

a significant reduction in hemolysis in erythrocytes treated with TSH in 0.4% 

NaCl, showing that TSH can protect lysis even during a very hostile media. 

The effects of hyperthyroidism on the activity of antioxidant enzymes, 

includingSOD, CAT, and GPx, depend on the tissue investigated, with T3 and 

T4 having differentiated effects (29). In our study, MDA was found to be 
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significantly lower within the hypothyroid group in comparison to the healthy 

control group. Low MDA could also be due to the consumption of enzymatic 

antioxidants of the body including glutathione (GR) during inflammation(30). 

The decrease in Rbc membrane protein caused by increasing ROS and 

decreasing of antioxidants; this cleared by Martínez et al., (31) suggest a 

dramatic change in spectral profile observed in the case of fisetin (antioxidant) 

that binding to the ghost membrane proteins induces changes in protein 

conformation, leading to maintain the protein from oxidative damages.  

Odunayo et al., (32) reported that stress increases osmotic fragility of RBC by 

lipid peroxidation and damage of erythrocyte membrane proteins. 

5. Conclusion 

The present work illustrates that changes in MDA as a marker of oxidative 

stress and changing in SOD, CAT, and GR as antioxidantsmaking 

imbalancein body hemostasis and effected the membrane of red blood cell 

leading to increased in erythrocyte osmotic fragility in hyperthyroidism; also 

made changing in RBC membrane proteins in by decreasingthese proteins in 

the patients with thyroid disorders. 

Authors’ Contributions 

ASM, MMA, and NAM contributed to the study design and analyzed data. All 

authors contributed to the manuscript drafting and revising and approved the 

final submission. 

Competing interests 

The authors declare that they have no competing interests associated with this 

article. 

References 

1.  Jawad AH, Alsayed R, Ibrahim AE, Hallab Z, Al-Qaisi Z, Yousif E. 

Thyroid gland and its rule in human body. Res J Pharm Biol Chem Sci. 

2016;7(6):1336–43.  

2.  Mullur R, Liu Y-Y, Brent GA. Thyroid hormone regulation of 

metabolism. Physiol Rev. 2014 Apr;94(2):355–82.  

3.  Ali EA, Tahseen YH, El-Yassin HD. Original Article Thyroid Disorders 

and the Level of Malondialdehyde. J Fac Med Baghdad. 2008;50(4):67–70.  

4.  Ighodaro OM, Akinloye OA. First line defence antioxidants-superoxide 

dismutase ( SOD ), catalase ( CAT ) and glutathione peroxidase ( GPX ): 

Their fundamental role in the entire antioxidant defence grid. Alexandria J 

Med [Internet]. 2018;54(4):287–93.  

5.  Gopal RK, Elumalai S. Industrial Production of Superoxide Dismutase ( 

SOD ): A Mini Review. J Probiotics Heal. 2017;5(3):1–5.  



PJAEE, 17 (7) (2020) Effect of Unbalanced in Oxidative Stress and Antioxidant Status on RBCs Membranes in Thyroid 

Disorders Patients         

7629 

 

6.  Ali I, Awad M, Mahmood A. Effect of Methotrexate and Omega-3 

Combination on Cytogenetic Changes of Bone Marrow and Some Enzymatic 

Antioxidants: An Experimental Study. Yemeni J Med Sci. 2017;11(1):1–7.  

7.  Behbahani M, Behr M, Hormes M,Steinseifer U, Arora D, Coronado O, et 

al. A review of computational fluid dynamics analysis of blood pumps. Eur J 

Appl Math. 2009;20(4):363–397.  

8.  Hassan FM, Alrasheedy YK. Validation of Osmotic Fragility Test using a 

modified new Garden Angelica Reagent in Healthy Individuals Blood, Saudia 

Arabia. Asian J Biomed Pharm Sci [Internet]. 2012;2(14):37–40.  

9.  Asl S, Khalili N, Ghasemi A, Faraji F, Hedayati M, Azizi F. Alterations in 

osmotic fragility of the red blood cells in hypo- and hyperthyroid patients. J 

Endocrinol Invest. 2009;32(1):28–32.  

10.  Alvarez-Llamas G, de la Cuesta F, Barderas MG, Darde VM, 

Zubiri I, Caramelo C, et al. A novel methodology for the analysis of 

membrane and cytosolic sub-proteomes of erythrocytes by 2-DE. 

Electrophoresis [Internet]. 2009;30(23):4095–108.  

11.  Plummer DT. Experimental biochemistry, 2nd edition: By John M. 

Clark Jr., and Robert L. Switzer. Pp. 336. W. H. Freeman and Company, San 

Francisco, 1977. Biochem Educ [Internet]. 1978 Jan 1;6(1):7.  

12.  Ghwarsh K, Abdel-Gayoum A, and AL-Alem M. Lipid 

peroxidation in the erythrocyte of obese diabetic subjects. Saudi Med J. 

1998;19:453–8.  

13.  Walker JM, Waterborg JH. The Lowry Method for Protein 

Quantitation. second. Protein Protocols Handbook, The. 2003. 7–10 p.  

14.  SAS. Statistical Analysis System, User’s Guide. Statistical. SAS. 

Inst. Inc. Cary. N.C. USA; 2012.  

15.  Gilles R, den Heijer M, Ross AH, Sweep FCGJ, Hermus ARMM, 

Wetzels JFM. Thyroid function in patients with proteinuria. Neth J Med. 2008 

Dec;66(11):483–5.  

16.  Iglesias P, Díez JJ. Thyroid dysfunction and kidney disease. Eur J 

Endocrinol. 2009 Apr;160(4):503–15.  

17.  Gupta D, Sareen A. Effect of induced Hypothyroidism on plasma 

cholesterol and bilirubin in Marwari Sheep. Vet World. 2010;3.  

18.  American Thyroid Association. Hypothyroidism The American 

Thyroid Association (ATA). Am Thyroid Assoc [Internet]. 2013;6–10.  

19.  Marcocci C, Leo M, Altea MA. Oxidative stress in graves’ disease. 

Eur Thyroid J. 2012 Jul;1(2):80–7.  

20.  Dunn D, Turner C. Hypothyroidism in Women. Nurs Womens 



PJAEE, 17 (7) (2020) Effect of Unbalanced in Oxidative Stress and Antioxidant Status on RBCs Membranes in Thyroid 

Disorders Patients         

7630 

 

Health. 2016;20(1):93–8.  

21.  Resch U, Helsel G, Tatzber F, Sinzinger H. Antioxidant Status in 

Thyroid Dysfunction. In: Clinical chemistry and laboratory medicine. 2002.  

22.  Venditti P, Napolitano G, Di Meo S. Role of Mitochondria and 

Other ROS Sources in Hyperthyroidism-Linked Oxidative Stress. 

Immunology. 2015;15.  

23.  Saha T, Das SK. Increased erythrocyte osmotic fragility in 

hypothyroidism. Indian J Biochem Biophys. 2020;57(2):213–8.  

24.  Catalá A, Díaz M. Editorial: Impact of Lipid Peroxidation on the 

Physiology and Pathophysiology of Cell Membranes. Vol. 7, Frontiers in 

physiology. 2016. p. 1–3.  

25.  Mitta R, Kandula RR, Pulala RY, Korlakunta NJ. Alleviatory 

effects of hydroalcoholic extract of brassica oleracea var. Botrytis leaves 

against sodium fluoride induced hepatotoxicity and oxidative stress on male 

wistar rats. Indian J Biochem Biophys. 2018;55(3):191–7.  

26.  Zahediasl S, Habibi G, Ghasemi A, Rad SP, Shiva N. 

Hematological parameters and osmotic fragility of red blood cells in 

experimentally induced hyperthyroidism in rats. Int J Endocrinol Metab. 

2010;8(2):74–8.  

27.  Toplan S, Dariyerli N, Ozdemir S, Ozcelik D, Zengin EU, Akyolcu 

MC. Lithium-induced hypothyroidism: oxidative stress and osmotic fragility 

status in  rats. Biol Trace Elem Res. 2013 Jun;152(3):373–8.  

28.  Evelyn M-R, Camila Cristina Guimarães N, Artur P-C, Leandro 

M-A, Clemilson B-J. Effects of TSH on Erythrocyte Osmotic Fragility: 

Signaling Pathway. Int J Blood Res Disord. 2020;7(1):1–7.  

29.  H. Oktay Seymen, Arzu Seven, Sabiha Civelek, Günnur Yigit, 

Hüsrev Hatemi, Gülden Burçak. Evaluation of Antioxidant Status in Liver 

Tissues: Effect of Iron Supplementation in Experimental Hyperthyroidism. J 

Basic Clin Physiol Pharmacol [Internet]. 2011;10(4):315–26.  

30.  Ates I, Yilmaz FM, Altay M, Yilmaz N, Berker D, Güler S. The 

relationship between oxidative stress and autoimmunity in Hashimoto’s 

thyroiditisA. Eur J Endocrinol [Internet]. 2015;173(6):791–9. 

31.  Martínez V, Ugartondo V, Vinardell MP, Torres JL, Mitjans M. 

Grape Epicatechin Conjugates Prevent Erythrocyte Membrane Protein 

Oxidation. J Agric Food Chem [Internet]. 2012 Apr 25;60(16):4090–5.  

32.  Odunayo I. Azeez 1 AAO and OTI. Haematology and Erythrocyte 

Osmotic Fragility Indices in Domestic Chicken Following Exposure to a 

Polyvalent Iodophorous Disinfectant. Jordan J Biol Sci. 2012;5(2):99–103.  

 



PJAEE, 17 (7) (2020) Effect of Unbalanced in Oxidative Stress and Antioxidant Status on RBCs Membranes in Thyroid 

Disorders Patients         

7631 

 

Table 1: Distribution of the Study Parameters in Thyroid Disorders Patients  

 

 

Figure (1): Percentage of Osmotic Fragility in deferent salt concentration.Different letters: 

means there is a significant difference at P < 0.01 
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Mean ± SE 

Group 
CAT 

(IU) 

SOD 

(U/ml) 

GR 

(IU) 

MDA 

(nmol/mg) 

T3 

(ng/ml) 

T4 

(µg/ml) 

TSH 

(µIU/m) 

RBC 

membrane 

proteins 

(µg/dl) 

Control 
70.820 ± 

0.871 a 

2.933 ± 

0.044 b 

1.965 ± 

0.006 b 

0.724 ± 

0.003 b 

1.697 ± 

0.071 b 

5.933 ± 

0.044 b 

2.660 ± 

0.223 b 

1.893 ± 

0.027 a 

Hypothyroidism 
55.869 ± 

8.223 b 

1.641 ± 

0.035 c 

1.036 ± 

0.011 c 

0.529 ± 

0.006 c 

0.464 ± 

0.021 c 

1.319 ± 

0.058 c 

7.271 ± 

0.065 a 

1.288 ± 

0.011 b 

Hyperthyroidism 
75.387 ± 

1.274 a 

3.464 ± 

0.038 a 

3.871 ± 

0.065 a 

1.381 ± 

0.007 a 

3.956 ± 

0.090 a 

10.768 

± 0.038 

a 

0.291 ± 

0.018 c 

0.973 ± 

0.020 c 

Means having the different letters in the same column differed significantly.  ** (P≤0.01). 


