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 Analysis of oxidative stress markers and treatment of sickle cell anemia 

are important to protect the people from getting affected and minimizing 

the level of stress to maintain a healthy lifestyle. Apart from various 

complications most families with sickle cell child have to bear with 

social problems and financial crisis. Broad spectrum multidimensional 

concept is Health Related Quality of life (HRQoL). A Comparative 

cross-sectional study was carried in 240 Diagnosed sickle cell anaemia 

cases (120 Homozygous SS and 120 Heterozygous AS) and 120 

controls. Oxidative stress markers Malondialdehyde (MDA), SOD 

Superoxide dismutase, glutathione peroxidase and catalase were 

analysed in all subjects and data was analysed using descriptive and 

inferential statistics using ANOVA and statistical significance was 

decided by p value. Mean MDA in SS cases is 4.15 m mol/L, AS is 2.44 

m mol/L, and control is 1.81 m mol/L, showing a variation across the 

three groups (p<.05) statistically significant. Mean Superoxide 

Dismutase of SS is 318.81 U/ml, AS is 252.39 U/ml, and control is 

199.28 U/ml, showing a significant difference in three groups. In 

addition to this, the mean Catalase of SS is 34.68 nmol/min/ml, AS is 

34.58 nmol/min/ml, and control is 39.69 nmol/min/ml, showing a 

significant difference in Catalase between the three groups (p<.05). 

Oxidative stress is more in homozygous than heterozygous sickle cell 

anemia. The HRQoL of patients of sickle cell anaemia was noted to be 

significantly lower as compared with the healthy controls. 
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1. Introduction 

Oxidative stress is influencing the health of the human and measured indirectly by measuring the level of 

DNA/RNA damage, lipid peroxidation and protein oxidation. The direct measures of oxidative stress are 

involving the oxygen species. In the current scenario, oxidative stress is well known for lifestyle-related 

disease, including hypertension, atherosclerosis, diabetes and ischemic disease [ 1]. These kinds of diseases 

are very harmful to the individual as it directly damages the DNA. Oxidative stress is imbalance between 

oxidants and antioxidants predominating oxidants. Under normal condition, there is balance due to 

antioxidants like Superoxide dismutase, catalase, glutathione peroxidase, ascorbate, flavonoids and 

carotenoids which prevents or limits oxidative damage [2]. However, oxidative stress is useful for 

physiologic adaption and in the regulation of intracellular signal transduction. 

 

Hemoglobinopathy like Sickle cell anemia (SCA) is characterized by chronic haemolysis, vaso-occlusive 

events and more susceptibility towards infection [3]. SCA is considered to be changes in the Red Blood 

Cells (RBCs) due to haemoglobin S resultant due to replacement of glutamic acid by valine. Oxidative 

stress is also a major feature of Sickle cell disease (SCD) and leads a significant role in pathophysiology of 

haemolysis, vaso-occlusion, organ damage and various health issues that are complicated and influences the 

overall health of the individual with reduction in life expectancy [4]. Counterparts of these oxidants like 

Superoxide dismutase, catalase, glutathione peroxidase may be potential markers for disease severity and 

calculating stress. Improvised understanding of oxidative stress might lead to target specific antioxidant 

supplementation that may prevent or delay various organ complications. 

 

Therefore, analysis of such markers and treatment of this disease are important to protect the people from 

getting affected and minimizing the level of stress to maintain a healthy lifestyle. 

 

Apart from various complications most families with sickle cell child have to bear with social and financial 

crisis. Broad spectrum multidimensional concept is Quality of life which includes subjective evaluation of 

life with positive and negative aspects of life [5]. Besides Health other domains like emotional wellbeing, 

social dysfunction adds complexity for measurement of quality of life. For assessment of health-related 

quality of life is WHO 36 questioners is most widely used even in Sickle cell diseases [6]. Various factors 

which influence poor HRQoL will put into the world new dimension in management of SCD. 

 

Hence present study was conducted in view to compare these various markers of oxidative stress as well as 

HRQoL in both the grades of sickle cell anemia like homozygous and heterozygous along with healthy 

controls. 

 

2. OBJECTIVES 

1. To determine the levels of Malondialdehyde, Superoxide Dismutase, Glutathione peroxidase and 

Catalase in homozygous and heterozygous sickle cell disease  

2. To compare these markers of oxidative stress in both the grades of sickle cell anemia in relation to 

healthy controls. 

3. To assess and compare the health-Related Quality of Life among patients of heterozygous & 

homozygous sickle cell anaemia and healthy controls. 

 

3. MATERIAL AND METHOD 
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As per the ethical guidelines with Institutional ethical clearance, present Comparative cross-sectional study 

was carried out for a period of 18 months during2016-2017. In coordination with Pediatric, General 

Medicine, Community Medicine and Pathology, present study was carried in Department of Biochemistry 

at Jawaharlal Nehru Medical College and its teaching Hospital Acharya Vinoba Bhave Rural Hospital 

(AVBRH), Sawangi (Meghe), Wardha, Maharashtra India. Wardha is one of the rural District of Central 

India. Total of 360 subjects after written informed consent were enrolled in study on the basis of inclusion 

and exclusion criteria like chronic diseases, ischemic heart disease, diabetes mellitus and sickle cell patients 

with acute crises or recent blood transfusion within 3 months were excluded from the study. The diagnosed 

study subjects were uniformly distributed into 120 subjects of 3 groups comprising Homozygous (SS), 

Heterozygous (AS) and Healthy controls. The study does not include any animal experiments. 

 

Under aseptic precaution venous blood was collected in plain and heparin bulb and analyzed for following 

markers of Oxidative stress: 

1. Malondialdehyde (MDA): Serum MDA was estimated Thiobarbituric acid assay using ELICO SL 244 

UV-VIS/BL 198 BIO spectrophotometer and result obtained was expressed in mmol/L [7]. 

2. Glutathione peroxidase (GPx) [8] and Superoxide dismutase (SOD) [9]. This enzyme is measured by 

using Randox kit using ROBONikprieteste XP Biochemistry Analyzer. 

3. Catalase was assayed by commercially available Cayman’s Catalase Assay kit using Robonik Elisa 

reader for degerming formaldehyde concentration [10], [11]. 

This method is based on the peroxidase function of catalase for determination of enzyme reaction with 

methanol at optimal concentration of hydrogen peroxide. The formaldehyde produced is measured 

calorimetrically with the 4Amino 3-hydrazino-5-mercapto-1,2,4-triazole (Purpald) as the chromogen. 

Purpald specifically forms a bicyclic heterocycle with aldehydes, which upon oxidation changes from 

colorless to purple color. 

 

WHO SF 36 questionnaire [5] was translated, pretested and then used for study purpose. 

 

3.1 Statistical Analysis 

Statistical Analysis was done by using descriptive and inferential statistics using ANOVA. For the analysis 

of data for the current study, SPSS 25 software is used and the value of P<0.05 is considered for level of 

statistical significance. Students t test was used to compare different domains of HRQoL among cases and 

control. 

 

4. RESULTS 

The mean age of SS is 16.38 years, AS is 22.01 years and control is 22.63 years. The gender-related issues 

within the sample of the study involved 240 male and 240 female. The impact of SS, AS, and Control is 

found in 60 each for both male and female. 

 

Table 1: Comparing Malondialdehyde (MDA), Superoxide Dismutase (SOD), Catalase and Glutathione 

Peroxidase between groups 

Indicator 
SS (n=120) 

Mean (SD) 

AS (n=120) 

Mean (SD) 

Control 

(n=120) 

Mean (SD) 

MDA (mmol/L) 4.15 (0.09) 2.44 (0.162) 1.81 (0.108) 

SOD (U/ml) 318.81 (11.84) 252.39 (14.19) 199.28 (12.03) 

Catalase 

(nmol/min/ml) 
34.68 (0.56) 34.58 (0.53) 39.69 (0.14) 
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Glutathione 

Peroxidase (U/ml) 
3.04 (0.59) 3.01 (0.57 4.47 (0.79) 

 

As per table 1, the mean Malondialdehyde of SS is 4.15 m mol/L, AS is 2.44 m mol/L, and control is 1.81 

m mol/L, showing a variation in Malondialdehyde values across three groups(p<.05). 

 

The mean Superoxide Dismutase of SS is 318.81 U/ml, AS is 252.39 U/ml, and control is 199.28 U/ml, 

showing a significant difference in Superoxide Dismutase between the three groups (p<.05). Its value is 

highest for SS  

 

Mean Catalase of SS is 34.68 nmol/min/ml, AS is 34.58 nmol/min/ml, and control is 39.69 nmol/min/ml, 

showing a variation in Catalase across the three groups (p<.05). 

 

Similarly, Glutathione Peroxidase of SS is 3.04, AS is 3.01, and control is 4.47 U/ml, showing a variation in 

Catalase between the three groups (p<.05). 

 

Table 2: Pairwise Comparison of Malondialdehyde (MDA), Superoxide Dismutase (SOD), Catalase and 

Glutathione Peroxidase 

Indicator Group-1 Group-2 Significance (p) Mean Difference (95% C.I) 

Malondialdehyde 

(mmol/L) 

SS 
AS 0.000 1.71 (1.68 to 1.74) 

Control 0.000 2.34 (2.31 to 2.37) 

AS 
SS 0.000 -1.71 (-174 to -168) 

Control 0.000 0.63 (0.59 to 0.67) 

Control 
SS 0.000 -2.34 (-2.31 to -2.37) 

AS 0.000 -0.63 (-0.59 to -0.67) 

Superoxide Dismutase 

(U/ml) 

SS 
AS 0.000 66.42 (63.10 to 69.74) 

Control 0.000 119.53 (116.49 to 122.57) 

AS 
SS 0.000 -66.42 (-69.74 to -63.10) 

Control 0.000 53.11 (49.76 to 56.45) 

Control 
SS 0.000 -119.53 (-122.57 to -116.49) 

AS 0.000 -53.11 (-56.46 to -49.76) 

Catalase 

(nmol/min/ml) 

SS 
AS 0.16 0.10 (-0.04 to 0.24) 

Control 0.000 -5.00 (-5.11 to -4.91) 

AS 
SS 0.16 -0.10 (-0.24 to 0.04) 

Control 0.000 -5.11 (-5.20 to -5.01) 

Control 
SS 0.000 5.01 (4.90 to 5.11) 

AS 0.000 5.11 (5.01 to 5.21) 

Glutathione Peroxidase 

(U/ml)  

 

SS 
AS 0.69 0.03 (-0.12 to 0.18) 

Control 0.000 -1.43 (-1.61 to -1.25) 

AS 
SS 0.69 -0.03 (-0.18 to 0.12) 

Control 0.000 -1.46 (-1.66 to -1.28) 

Control 
SS 0.000 1.43 (1.25 to 1.61) 

AS 0.000 1.46 (1.28 to 1.64) 
 

Further, table 2 shows pair-wise comparison of Malondialdehyde between the three groups. As per the 

results, Malondialdehyde significantly differs in both the groups of all the pairs (p<.05). Malondialdehyde is 

significantly higher in SS and AS groups as compared to control group. Its value is highest for SS. 
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Pair-wise comparison of Superoxide Dismutase between the three groups shows significant difference in 

both the groups of all the pairs (p<.05). Superoxide Dismutase is significantly higher in SS and AS groups 

as compared to control group. 

 

Similarly in pair-wise comparison between the three groups, Catalase significantly differs between SS and 

Control; and AS and Control (p<.05), but not between SS and AS (p>.05). It shows Catalase is reduced in 

SCD patients in comparison with healthy individuals. Its higher in SS as compared to AS 

 

Pair-wise comparison of Glutathione Peroxidase between the three groups shows, it significantly differs 

between SS and Control; and AS and Control (p<.05), but not between SS and AS (p>.05). It shows 

Glutathione Peroxidase is decreased in SCD patients when compared with healthy individuals. It is higher 

in SS as compared to AS. 

 

Table 3: Comparison of Health-Related Quality of Life among cases of sickle cell anemia (homozygous & 

heterozygous) with healthy controls 

Domain 

Mean score (SD) 
Statistical 

significance 
Sickle cell anaemia 

(n=240) 

Healthy controls 

(n=120) 

Physical functioning 20.58 (5.12) 62.19 (21.01) 
t=28.34 

p<0.0001 

Role limitation due 

to physical health 
18.25 (4.25) 59.37 (19.84) 

t=30.77 

p<0.0001 

Role limitation due 
to emotional problem 

36.77 (10.28) 53.22 (17.17) 
t=11.33 

p<0.0001 

Energy/Fatigue 27.81 (9.87) 61.29 (23.19) 
t=19.17 

p<0.0001 

Emotional wellbeing 40.30 (11.54) 59.48 (22.20) 
t=10.79 

p<0.0001 

Social functioning 33.92 (8.1) 54.52 (16.94) 
t=15.61 

p<0.0001 

Pain 15.39 (7.65) 64.71 (10.15) 
t=51.52 

p<0.0001 

General health 24.47 (11.04) 65.13 (31.29) 
t=18.03 

p<0.0001 

 

The health-related quality of life of patients of sickle cell anemia was significantly lower than the healthy 

controls. The differences in the mean scores were statistically lower among the patients of sickle cell 

anemia in all the domains. 

 

Table 4: Comparison of Health-Related Quality of Life among cases of homozygous (sickle cell disease) 

with heterozygous (Sickle cell trait) 

Domain 

Mean score (SD) 

Statistical 
significance 

Sickle cell 
diseases 

(n=120) 

Sickle Cell trait 

(n=120) 

Physical functioning 18.47 (8.29) 20.12 (10.00) 
t=1.29 

p=0.1654 

Role limitation due 

to physical health 
15.32 (8.93) 17.00 (9.62) 

t=1.4021 

p=0.1622 

Role limitation due 32.07 (8.18) 34.02 (10.70) t=1.5860 
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to emotional 

problem 

p=0.1141 

Energy/Fatigue 22.43 (11.08) 24.19 (11.11) 
t=1.2287 
p=0.2204 

Emotional 

wellbeing 
31.23 (11.40) 34.10 (11.21) 

t=1.9664 

p=0504 

Social functioning 29.90 (10.10) 31.25 (16.19) 
t=0.7750 
p=0.4391 

Pain 11.91 (10.54) 14.07 (9.50) 
t=1.6675 

p=0.0967 

General health 21.04 (10.23) 24.18 (15.97) 
t=1.8137 
p=0.0710 

 

The mean scores of HRQOL does not show significant difference between Sickle cell diseases and sickle 

cell trait   in all the domains. 

 

5. DISCUSSION 

According to the findings of the study, the transfer of electron is associated with the bonding interaction 

between heme iron and oxygen in oxygenated haemoglobin. The enzymes and its low-molecular-weight are 

playing a significant role in the proper function of the antioxidant system. These are major components that 

are helping to overcome the impact of stress and helps in recovering from the injury to tissues [12]. As per 

findings of the current study, the mean Malondialdehyde of SS is 4.15158 m mol/L, AS is 2.44983 m 

mol/L, and control is 1.81383 m mol/L, showing a variation in Malondialdehyde across the three groups 

(p<.05). Congenital haemoglobin mutations may influence the balance and develop the pro-oxidant reactive 

milieu. This is helpful to overcome the abnormality and support in managing the SCA situation [13]. 

Malondialdehyde is significantly higher in SS and AS groups as compared to control group. Its value is 

highest for SS. The changes in the Malondialdehyde can reduce the solubility of the gene and affect the 

level of haemoglobin S (Hb-S). In addition to this, the pathogenesis of SCA is occurring through 

polymerization of Hb S [14]. These are the major reasons for chronic haemolytic anaemia and vaso 

occlusive phenomena [15]. Further, the findings of study show that pair-wise comparison of Superoxide 

Dismutase between the three groups significantly differs in both the pairs of all the groups (p<.05). 

 

The process of deoxygenation is a major event in SCD that is influenced by the intracellular polymerization 

of Hb-S. This process is important for transforming the RBC into inflexible blood cells [16]. The analysis 

suggested that the rate of polymerization is correlated with the concentration of Hb-S which has been 

released after autoxidation [17]. Oxidative stress is imbalance between oxidants and antioxidants 

predominating oxidants. Under normal condition, there is balance due to antioxidants like Superoxide 

dismutase, catalase, glutathione peroxidase, ascorbate, flavonoids and carotenoids which prevents or limits 

oxidative damage [18]. In the human body, RBC is one of the major source for free radical production and 

in this process the normal RBC is generating the large numbers of superoxide due to transfer of electron and 

various antioxidant MDA and catalase are altered in sickle cell anemia, where our study coordinates with 

[19]. The treatment process of SCA is showing that ferritin is having a constructive role in absorption, 

release and storage of the iron in the human body and   for erythropoiesis when needed [20]. As per the 

results, Catalase significantly differs between SS and Control; and AS and Control (p<.05), but not between 

SS and AS (p>.05). The RBC is releasing the much-needed iron molecules and plasma protein is 

responsible for transportation of this iron to erythropoietic cells [21]. The red blood cells protect Hb via a 

selective barrier allowing the gaseous and other ligand transport as well as providing antioxidant protection 

not only to themselves but also to other tissues and organs in the body. Sickle haemoglobin molecules 
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suffer repeated polymerization/depolymerization generating greater amounts of reactive oxygen species, 

which can lead to a cyclic cascade characterized by blood cell adhesion, haemolysis, vaso-occlusion, and 

ischemia-reperfusion injury [22]. 

 

In this process, transferrin also a metabolic antioxidant is considered to be transporter of the protein that is 

essential for binding the iron at physiological pH. As per the analysis, Transferrin is having approximately 

25% to 30% iron which is necessary for the human body [23]. In addition to this, the study has provided 

information related to the chances of having iron deficiency anaemia more in heterozygous Sickle cell trait 

(AS) than homozygous Sickle cell disease (SS) [24]. As per the results of current study, Glutathione 

Peroxidase significantly differs between SS and Control; and AS and Control (p<.05), but not between SS 

and AS (p>.05). It shows Glutathione Peroxidase is significantly lower in SCD patients as compared to 

healthy individuals which in accordance with [25]. Different related studies on sickle cell disease were 

reported. 

 

The health-related quality of life among patients of sickle cell anaemia was noted to be significantly lower 

than the healthy controls. Similar findings were noted by [26], when they compared the HRQoL with other 

chronic diseases. This reiterates the fact that sickle cell anaemia is not only a genetic disorder but it imprints 

the significant impact on the physical, emotional, and social functioning of the person reflecting overall 

lower quality of life than many of the chronic diseases. Moreover, HRQoL when compared between 

heterozygous and homozygous sickle cell diseases does not show significant difference. Overall health 

related quality of life in sickle cell anemia in both the groups viz homozygous and heterozygous was found 

to be lower as compared to control which is in accordance with [27] who observed that HRQoL is poor in 

case of children as well as their parents. 

 

The disturbance in family atmosphere may remain concealed within family and may not be revealed to the 

outside world. Therefore, psychosocial bearing of SCD might not be grossly evident from our study which 

is also well documented by [28]. 

 

The current study imposes addressing social domains of HRQoL (emotional support, social dysfunction); 

counselling and rehabilitee services are recommended to maintain and improve HRQoL in both the groups 

of SCA including SCD patients and their parents which are heterozygous. 

 

6. CONCLUSION 

From the study, it can be considered that oxidative stress is playing a critical role in the implication of 

sickle cell anemia and it is more in homozygous than heterozygous. But there was poor quality of life of 

patients of Sickle Cell anemia in both the groups viz homozygous and heterozygous which translates into 

role limitations due to physical health, social, financial and emotional wellbeing in entire family. 
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