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Introduction

Sickle cell disease (SCD) is a common genetic 
disorder of red blood cell, resulting in chronic 
hemolytic anemia of varying severity. It may lead 
to painful crisis caused by occlusion of small blood 
vessels by spontaneous intravascular sickling which 
also affects other organs. Circulating sickle cells are 
susceptible to peroxidative damage due to changes 
in membrane structure, exposure to high oxygen 
tension, and the presence of excess serum iron.[1,2] 
The associated oxidative damage may also be due 
to increased levels in resting oxygen consumption 
as well as increased levels of pro-oxidative free 
hemoglobin.[3] Sickle cell hemoglobin is unstable and 
constantly generates reactive oxygen species (ROS) 
that contribute to cellular enzymes and membrane 
lipid damage.[4] We reported in our previous study 
that there were increased levels of lipid peroxidation 
and various oxidative biomarkers in plasma of SCD 
patients compared to subjects with sickle cell trait 
and normal hemoglobin.[5]

Prevention of sickle cell-related complications 
is critical in the management of patients with this 
disease and blood transfusion is often used to dilute 
the circulating sickle cells in acute emergencies. It 

could also decrease hemolysis by suppressing the 
production of abnormal red cells and improving 
the nutritional status of the patients. However, the 
increased generation of ROS due to iron overload in 
transfused patients may be detrimental.[3] Studies on 
antioxidant enzymes and lipid peroxides have not 
been reported in transfused SCD patients from this 
center. This study was therefore designed to assess 
the effect of blood transfusion on the activities of 
some antioxidant enzymes as well as lipid peroxides 
and to relate transfusion status to these enzymes and 
malondialdehyde (MDA) in SCD patients.

Materials and Methods

The study was conducted at Aminu Kano 
Teaching Hospital, Kano, Nigeria, and was 
approved by the Ethical committee of the 
Hospital. Informed consent was obtained from all 
participants. The study population comprised 87 
confirmed SCD patients who were consecutively 
recruited from the hematology clinic of the 
hospital between January 2006 and December 
2007. The age range of the patients was 14 to 
25 years with a mean of 21.2 ± 4 years. The 
patients were stratified into two groups; those 
who have never received blood transfusion and 
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Abstract

Background: Sickle cell disease (SCD) often leads to chronic hemolytic anemia of varying severity, and blood transfusion 
may be employed in the management of SCD complications. Objective: The aim of the study was to evaluate the effect of 
blood transfusion  on the activities of some antioxidant enzymes as well as lipid peroxide and to relate transfusion status 
to these enzymes and malondialdehyde (MDA) in SCD patients. Materials and Methods: Glutathione peroxidase (GPX), 
superoxide dismutase, catalase, MDA, and lipoproteins were assayed in 87 SCD and 20 age- and sex-matched subjects 
with normal hemoglobin. Of the 87 SCD patients, 30 had multiple transfusions, 21 had been transfused once while 36 
had not been transfused within the last 3 months. Results: Statistically significant decrease in the mean levels of GPX 
(P = 0.045) and Cu/Zn SOD (P = 0.001) and increased (P = 0.001) MDA were observed in the transfused compared to 
non-transfused patients. Similarly, significant decrease (P = 0.001) in Cu/Zn SOD and increase (P = 0.01) in MDA were 
observed in multi transfused compared to those who had been transfused once. Transfusion status correlated (P <0.047) 
inversely with Cu/Zn SOD and positively with MDA. Conclusion: Reduced activity levels of serum antioxidant enzymes 
and increased mean levels of MDA were observed in transfused compared to non-transfused SCD patients and these 
changes correlated with transfusion status.
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those who have  been transfused within the last 4 months. 
Transfused subjects were further divided into two groups; 
those who had received multiple transfusions and those who 
had been transfused only once. Twenty age- and sex-matched 
apparently healthy subjects with normal hemoglobin who had 
never been transfused were recruited from among staff and 
students of the hospital. Demographic, transfusion history, and 
clinical examination findings were obtained using structured 
questionnaire. Those with edema, severe jaundice, abnormal 
chest and abdominal findings were excluded from the study. 
Four months time interval was taken between transfusion 
and sampling for both multi-transfused and those transfused 
once. None of the patients was on hydroxyurea because it was 
not available at our center. Also, none was on iron chelation 
because we  did not have any patient with iron overload.

Five milliliters of blood was collected in a fasting state and 
emptied into plain specimen bottles which were allowed to 
clot at room temperature for 30 minutes. The specimens were 
centrifuged at 3,000  rpm for 10 minutes to obtain sera. The 
sera were stored at −20oC and analyses was done within two 
weeks of collection. MDA was assayed using thiobarbituric 
acid reacting substances by Northwest life Science specialties, 
Canada. Glutathione peroxidase (GPX) and superoxide 
dismutase (Cu/Zn SOD) were assayed using reagents supplied 
by Northwest Life Science specialties, Canada, while catalase 
was determined colorimetrically using kit supplied by Sigma, 
Missouri, USA. Lipoproteins were assayed using enzyme-
catalyzed colorimetric method, using reagents supplied by 
Randox laboratories, UK. The LDL cholesterol was calculated 
using Friedewald equation.[6] 

Statistical analysis

Results were expressed as mean± SEM and were analyzed by 
unpaired Students t-test. Values of P = 0.05 were considered 
significant and Pearson correlation coefficient was calculated to 
determine the association of antioxidant enzymes and MDA with 
transfusion status.

Results

The results are as shown in Tables 1 and 2. A total of 87 confirmed 
SCD patients; 39 males, mean age 22.1 ± 3.1 years and 48 females, 
mean age 21.8 ± 2.1 years. Of the 36 who have never been 
transfused, 18 were males and 18 were females while 51 of them 
who had received blood transfusion, 21 were males and 30 were 
females. Of the 51 subjects who had been transfused, 30 of them 
had received multiple transfusions and 21 had been transfused 
once. The decrease in mean levels of GPX (P = 0.045) and Cu/Zn 
SOD (P = 0.001) were statistically significant in the transfused 
SCD patients when compared to non-transfused patients. On the 
other hand, statistically significant increases in mean levels of 
MDA (P = 0.001), LDL cholesterol (P = 0.05), and total cholesterol 
(P<0.02) were observed in the transfused patients compared to non-
transfused. Statistically significant decreases  were also observed 
in total cholesterol (P = 0.05; NS), GPX (P = 0.001; P = 0.5), Cu/
Zn SOD (P = 0.001), and CAT (P = 0.001; NS) in both transfused 
and non-transfused patients, respectively, when compared to 
control subjects, while significant increase (P = 0.001; P = 0.002) 
was observed for MDA in transfused and non-transfused patients 
compared to controls.

Table 2 indicates that significant decrease (P = 0.001) was observed 
for serum Cu/Zn SOD in multi transfused patients compared with 
those who had been transfused only once. Conversely, significant 
increase (P = 0.01) was observed for MDA in multi transfused 
subjects compared to those who had been transfused once. Those 
who had received multiple transfusions had decreased levels (P = 
0.001) of GPX, Cu/Zn SOD, and CAT compared to those who have 
not been transfused. The mean MDA level in multi transfused 
subjects were significantly higher (P = 0.001) compared to those who 
had not been transfused. The serum levels of Cu/Zn SOD correlated 
negatively (r = 0.625; P = 0.05) while MDA correlated positively 
(r = 0.615; P < 0.047) with transfusion status in these subjects.

Discussion

The study shows that transfusion status affects the levels of 
MDA and activities of antioxidant enzymes in SCD patients. The 

Table 1: Antioxidant enzymes, Malondialdehyde, and lipoproteins in transfused and non-transfused sickle cell 
disease patients and controls (Mean±SEM)
Studied parameters Transfused Non-transfused P value Controls P value
No of subjects 51 36 20
Triglyceride (mmol/l) 1.3±0.1 1.37±0.3 NS 1.21±0.4 NS
Total Cholesterol (mmol/l) 3.36±0.09 3.12±0.3 0.02 3.15±0.5 0.05
HDL-Cholesterol (mmol/l) 0.64±0.04 0.69±0.09 NS 0.8±0.3 NS
LDL-Cholesterol (mmol/l) 2.06±0.11 1.82±0.26 0.05 1.94±0.3 NS
Glutathione peroxidase (mU/ml) 6.9±0.8 8.64±0.9 0.045 10.5±1.5 0.001
Superoxide dismutase(ng/ml) 29.2±0.28 31.2±0.26 0.001 36.5±1.8 0.001
Catalase (µmol/min/l) 150±3.6 155±4.0 NS 163±5.0 0.001
Malondialdehyde (µmol/l) 5.54±0.2 4.48±0.6 0.001 2.41±0.5 0.001

Table 2: Antioxidant enzymes in multi transfused, transfused once, and non-transfused sickle cell disease patients
Studied parameters Multiple transfused patients Transfused once P value Non-transfused P value
No of subjects 30 21 36
Glutathione peroxidase (mU/ml) 6.93±0.5 6.95±0.9 NS 8.64±0.9 0.001
Superoxide dismutase (ng/ml) 28.5±0.2 29.5±0.3 0.001 31.2±0.26 0.001
Catalase (µmol/min/l) 149±2.6 151±3.0 NS 155±4.0 0.001
Malondialdehyde (µmol/l) 5.7±0.1 5.4±0.2 0.01 4.48±0.6 0.001
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levels of Cu/Zn SOD correlated negatively while MDA correlated 
positively with transfusion status in the study group. There was 
no significant change in the mean levels of CAT in transfused 
compared to non-transfused patients. The result is consistent 
with other studies.[7,8] Marwah et al.[7] reported that antioxidant 
capacity correlated with transfusion status in a group of SCD 
patients. They observed that antioxidant capacity was significantly 
lower in the regularly transfused compared to patients who had 
not received  transfusion in last  3 months. In this study, we 
evaluated the effect of transfusion on antioxidant enzymes and lipid 
peroxidation in SCD patients as against vitamin E studied by the 
authors above.[7] Conversely, others observed that non-transfused 
SCD patients had reduced levels of zinc, selenium,  glutathione, 
and vitamins as against transfused subjects.[9,10] They opined that 
chronic transfusions could decrease hemolysis by suppressing 
the production of abnormal red blood cells and can also improve 
the nutritional status of the patients. They however concluded 
that increased generation of free radicals due to iron overload in 
transfused patients may cancel the above benefits.[3,11]

The pathophysiological implications of our observations are that 
transfusion may promote increase lipid peroxidation as indicated 
by increased concentration of MDA and increased oxidative stress 
as shown by reduced activity levels of antioxidant enzymes. These 
may promote further intravascular hemolysis due to altered red 
blood cell membrane integrity. Oxidative stress biomarkers were 
reported to be increased in transfused SCD patients and correlated 
with non-transferrin bound levels.[3,8] Low levels of antioxidant 
capacity were also reported in chronically transfused compared to 
non-transfused thalassemia patients. These deficiencies correlated 
with increased levels of lipid peroxidation.[11]

The suggested mechanism whereby transfusion leads to reduced 
antioxidant capacity is that transfused iron-overload may lead 
to increased activity of reactive oxygen radicals on membrane 
components, contributing to hemolytic and vaso-occlusive 
complications.[7,12] Excess transfusional iron causes accumulation of 
labile plasma iron, the pathological form of non-transferrin-bound 
iron. This labile plasma iron is redox active and is rapidly taken up 
by cells, leading to a rise in the labile iron pool and catalyzing the 
generation of ROS. The resultant oxidative stress and associated 
decrease in antioxidants lead to oxidation of lipids, proteins, 
and DNA;causing cell death; and organ damage.[13] Transfused 
red blood cells apart from generation of free radicals may also 
cause infection and fibrosis consequent upon the breakdown of 
heme released from transfused erythrocytes. Heme is broken 
down by heme oxygenase (HO) to iron, carbon monoxide and 
bilirubin.[14] Under normal circumstances, the products of HO 
activity are beneficial to the organisms, but when HO activity is 
excessive as in SCD, the products are potentially damaging. Free 
iron if not sequestered with protein or urate will generate highly 
toxic free radicals via the Fenton and Heber-Weiss reactions and 
predispose the tissue to infection and fibrosis.[14-16] The lung is 
particularly sensitive to iron-induced HO activity where it may 
promote the production of proinflammatory cytokines and reduced 
levels of glutathione.[14] The imbalance between antioxidant 
capacity and iron overload may result in further depletion of 
oxidative capacity and membrane-associated iron in intact sickle 
cells and result in superoxide-dependent formation of hydroxyl 
radicals.[2] Consequently, reduction in antioxidant capacity and 
transfusional iron-overload may create suitable conditions for the 
formation of ROS that could cause damage to sickle red blood cell 

membrane.[17] In addition, resting energy expenditure which is 
elevated in patients with SCD is further increased after transfusion, 
despite decreased erythropoietic activity.[18]

Conclusion

Reduced activity levels of serum antioxidant enzymes and 
increased mean levels of MDA were observed in transfused 
compared to non-transfused SCD patients and these changes 
correlated with transfusion status.
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