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Abstract 
 

Sickle cell disorder is a major hemoglobinopathy associated with hemolytic anemia. It mani-
fests either as less severe heterozygous or severe homozygous form.  Evidences suggest in-
volvement of oxidative stress in this disorder. Hence we made an attempt to find out any pa-
thogenic impact of oxidative stress in this disease.  From the rural area of central India 80 
heterozygous and 20 homozygous cases were registered as two separate groups. Along with 
this 100 and 66 age and sex matched healthy individuals were included as controls against 
these two groups of cases respectively. Malondialdehyde and superoxide dismutase activity 
in serum and catalase activity in erythrocytes were assayed as markers of oxidative stress. 
Hemoglobin level and reticulocyte count were measured to assess the severity of hemolysis. 
Statistical comparisons were made between cases and corresponding control levels for all 
these parameters. Also study was done to find any association between oxidative and hema-
tological parameters.The result showed overall oxidative and hemolytic stress in both group 
of cases. However, except for malondialdehyde which showed significant increase in both 
the forms of the disease, all other parameters studied showed significant difference only in 
homozygous but not in heterozygous cases. Also significant association between oxidative 
parameters and hematological response was recorded only in homozygous cases. Finally li-
pid peroxidation was found to be the strongest predictor variable for hemolytic stress re-
sponse. Results indicate association of oxidative pathology with the severe form of this dis-
order and advocate oxidative damage as the putative pathogenic determinant in this disor-
der. 
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Introduction 
 
Sickle cell disorder is the most common heritable hemo-
globin associated disease [1]. In India, it is more common 
in the central and southern regions [2]. Due to autosomal 
recessive inheritance, it may present itself either in milder 
heterozygous or in severe homozygous form. The pre-
dominant pathology of sickling of red blood cells (RBC) 
occurs due to aberrant polymerization of the mutant de-
oxygenated hemoglobin [3]. This process eventually dis-
torts the red cells leading to formation of irreversible sick-
led cells (ISC). Impaired hemoglobin stabilizing capacity 
in sickle cell disease and other such mutational hemoglo-
binopathies makes RBC vulnerable towards severe oxida-
tive stress which overcomes the antioxidant defense [4].  
 
Therefore, this disorder is emerging as a new model of 
oxidative stress related pathology, which has supposed 
contribution towards ISC-mediated membrane change 

leading to hemolytic preponderance [5]. Hemolytic stress 
response in turn, decreases hemoglobin level along with 
compensatory reticulocyte proliferation response. Thus it 
may be surmised that there might be an underlying nexus 
between oxidative stress and the hematological response 
in this disorder.  
 
Thus, in the present study parameters of oxidative stress 
like lipid peroxidation (MDA), super oxide dismutase 
(SOD) and catalase enzymes and hematological response 
in terms of hemoglobin level and reticulocyte count were 
measured to detect any significant difference in both het-
ero and homozygous conditions against respective control 
values. Further analysis was performed for any possible 
association between such oxidative and hematological 
parameters to detect evidence of pathogenic significance 
of oxidative stress in this disorder. 
 



   

Materials and Methods  
 
This study was carried out in the rural area of Maharash-
tra, located in central India. The study populace was se-
lected after confirmation of the diagnosis as either het-
erozygous (HbAS) or homozygous (HbSS) by hemoglo-
bin electrophoresis [6] and all these cases were also ruled 
out for co-existence of any other hemoglobin disorder. 
Thus a total of 80 heterozygous [HbAS; median age 23 
(range 16-35; 61% male)] and 20 homozygous [HbSS; 
median age 9.5 (range 7-12); 60% male)] cases were in-
cluded in the study. These persons did not receive any 
medical therapy earlier. Considering the fact that the two 
case groups differ largely in their observed age range, two 
corresponding age and sex matched control groups were 
formed with 100 and 66 individuals for the heterozygous 
and homozygous cases respectively. People of these con-
trol groups were selected from apparently healthy indi-
viduals (without any history of major illness and history 
of blood transfusion) with the same socioeconomic back-
grounds residing in the same villages. Any obvious dif-
ference in average nutritional status between cases and 
controls were ruled out by matching for anthropometric 
values and also by observation of comparable mean level 
of albumin and total protein level in sera by standard 
method [data not shown]. 
 
About 5ml of blood was collected from antecubital vein 
of each individual from all these case and control groups 
after taking informed consent. From each of these blood 
samples, one half was put in EDTA vial and divided fur-
ther into two parts; of which one part was used to perform 
reticulocyte count and the rest for preparation of the he-
molysate for hemoglobin electrophoresis and RBC cata-
lase activity assay. Electrophoresis was done on cellulose 
acetate membrane at alkaline pH. The remaining half of 
each of the collected blood samples was allowed to co-
agulate so as to separate serum for estimation of malon-
dialdehyde and SOD enzyme activity.  
 
Estimation of serum malondialdehyde (MDA) 
Lipid peroxidation was measured using Thiobarbituric 
acid (TBA) method [7].  To 0.5 ml of culture supernatant, 
2.5ml of 10% TCA and 1 ml of 0.67% TBA were added 
and boiled in water bath for 30 min. After cooling, resul-
tant chromogen was extracted in 4 ml n-butyl alcohol by 
separation of organic phase with centrifugation at 3000 
rpm for 10 min. Absorbance was measured at 530 nm 
against distilled water. The concentrations of MDA in 
samples were calculated using standard curve and ex-
pressed as nM/ml. 
 
Estimation of serum superoxide dismutase (SOD: 
EC1.15.1.1.) activity 
This method utilizes the inhibitory effect of SOD enzyme 
on auto-oxidation of pyrogallol [8]. The reaction mixtures 
were prepared for various concentrations of standards, 

tests and controls. Constituent of this 3 ml assay mixture 
was 100 μl each of 1 mM EDTA and 1 mM DTPA in air 
equilibrated Tris HCl Buffer (50 mM; pH 8.2).  To this, 
100 μl of standards (with varying concentrations of SOD 
enzyme) or test sera were added. In control, neither test 
sample nor standard was added to assay mixture to obtain 
uninhibited auto oxidation of pyrogallol. Finally, 100 μl 
volumes of 0.2 mM pyrogallol were added in all vials to 
start reaction. 
 
Initial 10 seconds period was considered as induction pe-
riod of enzyme, after which at every 10 seconds interval 
for a period of 4 minutes, changes in absorbance at 420 
nm was recorded.  Average change in the absorbance per 
minute was calculated and the percentage of inhibition in 
standards and test samples was calculated using the for-
mula. 
 
Percent Inhibition = 100 - (∆ A standard or test per min. × 
100)/ ∆ A control per min.  
 
The amount of enzyme required to inhibit auto-oxidation 
of pyrogallol by 50% was defined as one unit of SOD 
enzyme activity. Accordingly the activity of enzyme in 
different standard concentrations was expressed in units. 
Standard graph was constructed with percentage of inhibi-
tion versus SOD enzyme activity in described units. The 
activity of SOD enzyme in each test serum was calculated 
by using this standard graph. 
 
Estimation of activity of catalase (E. C. I.II. I. 6) in 
erythrocytes  
Catalase was assayed as described earlier [9]. The method 
utilizes H2O2 splitting activity of catalase in the sample 
hemolysate. Briefly, 0.1 ml hemolysate was added to a 
mixture of 2 ml dichromate reagent (5% solution of 
K2Cr2O7 in glacial acetic acid in the ratio of 1:3) and 0.1 
ml of 0.2 M H2O2 with 0.01 M Phosphate buffer (pH 7). 
After boiling the reaction mixtures for 10 min followed 
by cooling, the resultant chromogenic product, chromic 
acetate was measured spectrophotometrically at 570 nm 
against reagent blank. Activity of catalase was expressed 
as units/g hemoglobin. Unit of catalase activity was repre-
sented as the amount of enzyme that degrades 1 μM H2O2 
/ min. For plotting standard graph, different concentra-
tions of H2O2 were used. The activity of enzyme in each 
test sample was calculated by using this standard graph.   
 
Estimation of hemoglobin: 
The concentrations of hemoglobin in all the hemolysate 
samples were measured by Drabkin’s method in which 
hemoglobin was oxidized to methemoglobin with alkaline 
ferric cyanide (Drabkin) reagent to give a brown coloured 
compound [10]. To 2.5 ml of Drabkin’s reagent, 10μl of 
whole blood was added.  After 10 minutes, absorbance 
was measured against reagent blank at 540 nm.  It was 
compared with the commercial Cyanomethemoglobin 
standard (15.5g/dL) and values were expressed as g %. 



                                                                                                                    

Calculation was done as, Concentration of Hemoglobin in 
percentage = (Reading of the test/Reading of the stan-
dard) x Concentration of standard. 
 
Estimation of reticulocyte count 
To 1 ml of anti-coagulated (EDTA) blood 2-3 drops of 
the dye solution (1g Methylene blue in 100 ml of isotonic 
phosphate buffer pH-7.4) were added. The mixture was 
incubated at 370 C for 15-20 min. The cells were resus-
pended by gentle mixing and films were made on glass 
slides which were then allowed to dry.  
A suitably visible area of film was chosen for the count 
where the cells were undistorted and where the staining 
was good. The reticulocyte count was made as percentage 
of the total number of cells counted in particular fields 
[11].  
 
Statistical analysis 
Comparative analysis for significant difference in means 
of various parameters between case and respective control 
groups was performed by student’s t test. Pearson correla-
tion analysis was carried out to detect any association 
between individual oxidative stress and hematological 
parameters. The 5% significance level was considered. 
Further, regression analysis with sequential addition of 
potential predictor variables was done to explore their 
effect on reticulocyte count in homozygous cases. Statis-
tical analysis of the data was carried out in SPSS 10.0 
version. 
 
Results 
 
All the oxidative parameters except for RBC catalase acti-
vity had shown increased level in cases as opposed to res-
pective control levels. Catalase activity in RBC  hemolys-     
ate actually showed a decrease in cases against control. 
However, apart from serum malondialdehyde which 

showed significant change in both the case groups as op-
posed to respective control levels, all the other oxidative 
parameters had shown statistically significant difference 
only in homozygous case group, but not in heterozygous 
group. As a marker of hematological response hemoglo-
bin level was recorded to be lower and reticulocyte count 
was higher in both the cases; however, these parameters 
were also found to be significantly different from respec-
tive controls only in homozygous cases [Table1]. 
  
In heterozygous cases no parameter had shown any sig-
nificant association among themselves. However, in ho-
mozygous cases lipid peroxidation showed significant 
positive association with reticulocyte count and superox-
ide dismutase activity; whereas a significant negative as-
sociation with hemoglobin level was found. Significant 
inverse correlation was recorded between hemoglobin and 
reticulocyte count. Superoxide dismutase activity was 
found to bear significant negative correlation with hemo-
globin level and also with catalase activity [Table 2].  
 
As deduced by linear regression analysis, lipid peroxida-
tion was found to be the only oxidative parameter which 
was significantly associated with the reticulocyte count 
(R2 = 0.399,  β = 0.632, p = 0.003).  
 
Further regression study with stepwise addition of oxida-
tive variables was carried out to assess the impact of vari-
ous oxidative parameters on reticulocyte count, which 
showed lipid peroxidation marker, MDA as the signifi-
cant predictor of the reticulocyte count even when the 
other oxidative parameters were added in the model [Ta-
ble 3]. 
 

 
Table 1. Mean ± SD Levels of various parameters in homozygous and heterozygous cases as compared to the respective 
control levels. 
 

 
Parameters 

 
Homozygous 

[n = 20] 

 
Healthy control 

[n =66] 

 
Heterozygous 

[n=80] 

 
Healthy control 

[n=100] 
 

MDA nM/ml 4.29 ± 0.35* 
 

 1.82 ± 0.24 
 

2.34 ± 0.35* 
 

1.93 ± 0.26 
 

Super oxide dismutase Unit/ml 2.58 ± 0.08* 
 

 1.37 ± 0.11 
 

    1.77 ± 0.12 
 

     1.51 ± 0.15 

Catalase Unit/mg Hb 1.58 ± 0.08* 
 

  1.84 ± 0.11 
 

   1.73 ± 0.13 
 

1.85 ± 0.15 
 

Reticulocyte count (%) 6.05 ± 1.61* 
 

   1.58 ± 0.34 
 

1.71 ± 0.37 
 

1.22 ± 0.27 
 

Hemoglobin (g/dL) 6.45 ± 0.38*    13.20 ± 0.58 12.65 ± 1.06 13.47 ± 0.51 
 

      * indicates significant values (p < 0.05) 
 

Table 2. Results of Pearson correlation analysis among various parameters in homozygous cases (n= 20). 



   

 
Parameters Reticulocyte count Hemoglobin MDA SOD Catalse 

Reticulocyte count - -0.468* 0.632* 0.257 -0.375 
Hemoglobin -0.468* - -0.511* -0.429* 0.290 
MDA 0.632* -0.511* - 0.611* -0.232 
SOD 0.257 -0.429* 0.611* - -0.467* 
Catalse -0.375 0.290 -0.232 -0.467* - 

 
            *indicates significant values (p < 0.05) 
 

Table 3. Regression analysis with stepwise addition of various oxidative parameters affecting  
reticulocyte count in homozygous cases (n = 20). 

 
Variables 

 
R R2 β p 

MDA 0.632 0.399 0.632 0.003 
MDA+SOD 0.652 0.425 0.757 

-0.205 
0.005 
0.389 

MDA+SOD+Catalase 0.733 0.537 0.789 
-0.402 
-0.381 

0.002 
0.109 
0.066 

                   R= coefficient of determination, β=regression coefficient Dependent variable: Reticulocyte count 
 
Discussion 
 
Sickle cell disorder is associated with obvious hemolytic 
anemia due to the presence of abnormal hemoglobin vari-
ant and such hemolytic response is predictably associated 
more with the homozygous than the heterozygous state. 
The severity of such response as mirrored by the degree 
of decrease in hemoglobin level in this study supported 
this fact. Such hemoglobin deficiency in turn may bring 
forth compensatory erythropoietic up-surge [12]. Hence 
reticulocyte may be considered as a direct marker of this 
response [13].  
 
Hemolysis associated hematological stress in terms of 
erythropoietic response is documented in the form of hy-
droxyurea induced oxidative stress leading to erythroid 
differentiation [14]. There is also evidence of oxidative 
stress mediated hemolysis [15] and such stress is impli-
cated in erythropoietic response as well [16]. In the pre-
sent study significant increase in hematological stress 
(recorded in terms of decrease in hemoglobin and con-
comitant increase in reticulocyte count) in homozygous 
cases but not in heterozygous cases indicates the severity 
of the former condition. Moreover, significant increase in 
the observed levels of all the oxidative parameters in this 
severe form but not in the relatively milder heterozygous 
form of the disorder suggests a putative nexus between 
oxidative impact and the severity. In this context it is 
worth mentioning that significant increase in lipid peroxi-
dation level in both the conditions probably indicates that 
this marker might be considered as a common final out-
come of the oxidative assault. Even for this parameter, the  
 
observed increase against the corresponding control level 
is noticeably higher in homozygous cases. This further 

emphasizes a proportionate relationship of such oxidative 
stress with more severe form. 
 
Only in homozygous cases significant association was 
found to exist between reticulocyte count and lipid per-
oxidation and a concomitant negative association between 
hemoglobin level and lipid peroxidation. This suggests 
lipid peroxidative assault as an underlying factor for he-
molysis and the consequent reticulocytosis. Superoxide 
dismutase, the first line of defense against free radical 
attack, also showed an analogous relationship with lipid-
oxidative end product, MDA. However, catalase and SOD 
which acts in tandem was paradoxically found to bear 
significant negative association between themselves. In 
fact, a significant low catalase level in homozygous cases 
and also a non-significant yet definitive lower value of 
this enzyme in heterozygous cases appeared to be quite 
puzzling. In face of augmented demand for heme synthe-
sis to meet erythropoietic upsurge in this pathology, pos-
sibility of consequent plummet in production of catalse 
(also a porphyrin derivative) should be explored.  
 
From these results it can be envisaged that there is a de-
finitive association between the oxidative stress and the 
hematological impact in terms of hemolysis and reticulo-
cytosis. Hence we performed a regression analysis with 
stepwise addition of oxidative stress parameters to find 
out most significant variable among these parameters for 
prediction of the reticulocytosis as a marker of hemopoi-
etic response. As observed from correlation analysis, 
among all oxidative parameters studied, lipid peroxidation 
appeared to have most significant relationship with reticu-
locyte count. Hence this parameter was considered as the 
first factor followed by sequential addition of other two 
enzymatic parameters of oxidative stress namely SOD 
and catalase to perform a regression analysis. The result 



                                                                                                                    

clearly showed that the level of MDA may be considered 
as an independent factor for predicting the hematological 
stress response in sickle cell anaemia patients. It is inter-
esting to note, that only this particular parameter was 
found to be significantly raised in both the clinical condi-
tions as opposed to the respective control levels. This fur-
ther endorses its significance in the diseases pathology. 
 
Lipid peroxidation is the outcome of oxidative damage of 
the membrane lipid. Quite interestingly, earlier work in 
this disease pathogenesis confirmed that such oxidative 
membrane damage might be a crucial determinant of irre-
versible sickling phenomenon in this disorder (1). More-
over, increase in such ISC formation is reported to be di-
rectly associated with severity of hemolysis in sickle cell 
anemia [17]. In this context it is worth mentioning that 
our earlier work in this disorder pointed out significant 
deficiency of vitamin E and vitamin C [18]. Strikingly 
these vitamins are major protectors of membrane oxida-
tive assault in tissues with high oxygen tension like RBC 
[19].  
 
Hence it can be surmised that probable impact of oxida-
tive onslaught on erythrocyte membrane lipids might be 
considered as a pathogenic determinant in this disorder. 
However, to validate such crucial association of oxidative 
membrane damage in this hemoglobinopathy, a study 
dedicated exclusively in erythrocyte model is highly war-
ranted. This study further advocates the potential of lipid 
peroxiadative parameter, as a candidate marker for assess-
ing the severity of this clinical condition. 
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