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Abstract
Background: Though sickle cell anaemia (SCA) is known to promote oxidative stress, there is paucity of  information on 
the relationship between oxidative stress and vaso-occlusive crisis (VOC).
Objective: This study was undertaken to evaluate the relationship of  oxidative stress and antioxidant response with VOC 
in SCA. 
Methods: A cross-sectional case-control study was carried out at University of  Nigeria Teaching Hospital (UNTH), Itu-
ku-Ozalla, Enugu Nigeria involving 116 individuals which included 36 SCA subject, 40 sickle cell carriers (AS) and 40 healthy 
individuals (AA). Baseline information as well as the frequency of  VOC was obtained from the participants and anaemia as 
well as oxidative stress and antioxidant indices were assessed in blood.
Results: Anaemia was prevalent (88.9 %) in SCA individuals compared to AS (52.5%) and AA (47.5 %) individuals. Nitric 
oxide scavenging (NOS) and superoxide dismutase (SOD) activities as well as glutathione level were significantly (p<0.005) 
lower while catalase activity was higher in SCA individuals compared to controls (AA and AS). Higher malondialdehyde 
(MDA) level was associated with very severe VOC while low level of  NOS activity was associated with severe VOC in SCA 
individuals.
Conclusion: Sickle cell anaemia exhibited oxidative stress and alteration in the levels of  antioxidant indices which was pos-
sibly associated with vaso-occlusive crisis. 
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Introduction
Sickle cell anaemia (SCA) is an inherited blood disorder 
which is of  major health concern especially in Africa, 
Southeast Asia and the Americas. Globally, about 5% 
of  the population is affected by some type of  haemo-
globin variants, and over 300,000 children are born each 

year with haemoglobinopathies, with SCA being the 
most prevalent type1, 2. It is estimated that the preva-
lence of  live births with the disease is 4.4% in the world 
with higher rates in Africa, Southeast Asia and the 
Americas. Sickle cell trait prevalence ranges from 10 to 
45% in most parts of  sub-Saharan Africa3,4,5. In Nigeria, 
the prevalence of  sickle cell carriers ranges between 20 
and 30% while SCA affects about 2 to 3% of  Nigerians 
translating to about 3 million cases6.
SCA results from a point mutation in the β-globin chain 
due to the substitution of  Valine for Glutamine at posi-
tion 6, shifting the isoelectric point of  the protein7. This 
mutation causes red blood cells (RBCs) to lose their 
disc shape along with their elasticity due to a low ox-
ygen tension and assumes an inflexible crescent shape 
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forming a sickled RBC. This sickle shaped RBC results 
in vaso-occlusion, which is the obstruction of  blood 
vessels as a result of  the inability of  the sickled RBCs to 
bend and twist as they move through the narrow blood 
vessels8. The actual cause of  anaemia in this illness is 
due to haemolysis which results from the breakdown 
of  RBCs, because of  their sickled shape. Clinical man-
ifestations of  SCA usually begin in childhood and may 
lead to various acute and chronic complications.  The 
severity, frequency and duration of  these complica-
tions vary from person to person and are potentially 
lethal. One of  such complications is the vaso-occlusive 
crisis (VOC), a condition caused by the accumulation 
of  sickle-shaped RBCs in capillaries obstructing and 
restricting blood flow into organs, thereby resulting 
in pain, ischaemia and often leads to organ damage9. 
This blockage of  capillaries induces the recruitment of  
neutrophils and monocytes thereby promoting chronic 
pro-inflammatory response10. Inflammatory responses 
are usually accompanied by the action of  reactive ox-
ygen species (ROS) and thus, there is a possibility that 
VOC may be influenced by oxidative stress.
Oxidative stress is a condition whereby ROS over-
whelms the antioxidant defence system. In SCA, there is 
recurrent polymerization of  HbS and depolymerization 
which leads to the autoxidation of  HbS and increased 
metabolic turnover that result in increased generation 
of  ROS. As such, sickle erythrocytes may be a source of  
prooxidants in SCA11. Other major sources of  ROS are 
thought to be the increased xanthine oxidase activity in 
sickle cell disease aortic endothelium and increased level 
of  leucocytes, which doubles the number of  superoxide 
production in sickle cell disease12. Also, sickle erythro-
cytes have been reported to generate twice the number 
of  superoxide (O2•−), hydrogen peroxide (H2O2), hy-
droxyl radical (HO•) as well as lipid oxidation products 
compared to the HbA erythrocytes11. Usually, there are 
antioxidants; both enzymatic and non-enzymatic mole-
cules that play a crucial role in maintaining the balance 
of  ROS in the body.

Antioxidants are molecules that quench or inhibit the 
actions of  free radical as well as prevent cellular dam-
age. Antioxidants exist as both enzymatic and non-en-
zymatic molecules in the body 13. Enzymatic antiox-
idants act by metabolising free radicals and removing 
them from cells. Most of  these antioxidant enzymes 
convert reactive oxidative species to H2O2 and subse-
quently to water, in the presence of  cofactors such as 
manganese, iron, zinc, and copper in a multi-step pro-
cess. Non-enzymatic antioxidants act by interfering or 
interrupting chain reactions of  free radicals. Major de-

fence mechanisms against ROS include superoxide dis-
mustase (SOD), catalase, glutathione peroxidase (GPx) 
as well as non-enzymatic molecules including reduced 
glutathione (GSH), uric acid, ubiquinols, flavonoids, ca-
rotenoids, vitamins C and E14.
In overwhelming levels of  ROS over the antioxidant 
system, there is high level of  free ROS leading to a state 
of  oxidative stress. Thus, oxidative stress is described 
as an imbalance between oxidants or free radicals and 
antioxidants15,16. This imbalance may lead to attack on 
all the cell components by ROS thereby damaging cells 
and leading to diseases15. Oxidative stress can damage 
specific molecular targets such as proteins, lipids, nu-
cleotides etc, resulting in cell dysfunction and/or death. 
There is an indication that increased reactive radical 
species  are linked with increased oxidation in sickle cell 
individuals which are highly damaging to the cells17,18. 
Though, there exist evidences suggesting that oxidative 
stress is responsible for increased pathophysiology of  
secondary dysfunctions in sickle cell patients19, there is 
paucity of  information on the effect of  oxidative stress 
on vaso-occlusive crisis in sickle cell anaemia. Thus, this 
study was undertaken to evaluate the relationship of  
oxidative stress and antioxidant response on vaso-oc-
clusive crisis in sickle cell anaemia.  

Methods
Study population and design
This was a cross-sectional case-control study carried 
out at the University of  Nigeria Teaching Hospital 
(UNTH), Ituku-Ozalla, Enugu Nigeria.  Ethical ap-
proval was obtained from the institution review board 
of  UNTH with approval number: UNTH/CSA/329/
OL.5. Recruitment of  participants was done in accord-
ance with the Helsinki Declaration (revised version 
2008) whereby written informed consent was obtained 
from participants before enrolment into the study. Par-
ticipants were randomly recruited which involved SCA 
individuals of  the SS genotype while individuals with 
genotypes AA and AS genotypes served as controls.
 
Inclusion/exclusion criteria
Individuals with/or without SCA were recruited for the 
study. Pregnant and lactating mothers as well as individ-
uals with obesity, metabolic syndrome, cancer, periph-
eral vascular disease, autoimmune diseases were exclud-
ed from the study. 
 
Data and blood collection
A questionnaire was used to obtain baseline informa-
tion of  participants including age, sex, genotype, state 
of  origin and the frequency of  vaso-occlusive crisis 
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characterized by sudden onset of  excruciating pain. 
The individual’s systolic and diastolic blood pressure 
was measured using an automatic blood pressure mon-
itor. A volume of  5ml of  blood was collected into an 
anticoagulant tube (EDTA tube) and properly swirled 
to avoid clotting.

Determination of  anaemia indices
Anaemia indices including haemoglobin concentration 
(Hb) and pack cell volume (PCV) were assayed using an 
automatic Hb Haemoglobin testing system.

Assessment of  oxidative stress and antioxidants
The method of  Niehaus and Samuelsson was adopt-
ed for the determination of  lipid peroxidation in blood 
with slight modifications20. The protein carbonyl con-
tent (PCC) was quantified according to the method 
of  Mesquita and colleagues21. Nitric oxide scavenging 
(NOS) activity was determined as per the method of  
Garrat22. The reduced glutathione (GSH) content of  
the blood sample was estimated according to the meth-
od described by Sedlak and Lindsay23. Superoxide dis-
mutase (SOD) activity was determined according to 
the method of  Sun and Zigma24. Determination of  
glutathione-S-transferase (GST) was based on the fact 
that GST demonstrate a relatively high activity with 
1-chloro-2, 4-dinitrobenzene which is subsequently 
conjugated with reduced glutathione25. The method de-
scribed by Pari and Latha was adopted for the determi-
nation of  catalase (CAT) activity26.

Data classification
Participants were classified as anaemic when the Hb 
was < 12 mg/dl for women and 13 mg/dl for men ac-
cording to the WHO classification. Anaemia was fur-
ther classified as mild, moderate, and severe anaemia 
with Hb between 10.0 and 10.9 g/dL, 7.0 and 9.9 g/

dL and less than 7.0 g/dL respectively. Vaso-occlusive 
crisis was classified as moderate when the frequency of  
the crisis was <3 times/year, severe when it was be-
tween 4-6 times/year and very severe when it was >6/
years. Antioxidant and oxidative stress indices were 
classified as follows: CAT (U/mg) as Low: <2000 and 
High: ≥ 2000; SOD (U/mg) as Low: <500 and high: 
≥ 500; GST (U/ml) as Low: <6 and High: ≥ 6; GSH 
(µg/ml) as Low: <300 and High: ≥ 300; NOS (%) Low: 
<200 and High: ≥ 200; MDA (µM) as Low: <8 and 
High: ≥ 8; PCC (µM) as Low: <80 and High: ≥ 80.
 
Statistical analysis
Statistical Package for Social Sciences (SPSS) version 23 
was used for data analyses and the data was expressed as 
mean ± standard error of  the mean (S.E.M). Compar-
ison of  continuous variables for various groups (AA, 
AS, SS) was done using analysis of  variance (ANOVA). 
The proportions of  categorical data (anaemia, sex, age 
group and VOC) were compared for the various groups 
using chi-square. A 95% confidence interval was con-
sidered and a difference was significant at p-value ≤ 
0.05.
 
Results
Baseline characteristics of  subjects
A total of  116 subjects were recruited for the study 
which included 40 individuals of  AA genotype, 40 indi-
viduals of  AS genotype, and 36 of  SS genotype. Among 
the 116 individuals, there were 50 males amongst which 
21(42.0%) were AA, 8(16.0%) were AS and 21(42.0%) 
were SS while there were 66 females of  which 19(28.8%) 
were AA, 32(48.5%) were AS and 15(22.7%) were SS. 
The ages of  the study participants were insignificantly 
different (p = 0.162) among the various genotypes. The 
systolic and diastolic blood pressures were significantly 
(p = 0.05) lower in subjects with SS genotype. Results 
are summarized in Table 1.
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Table 1: Baseline characteristics of study participants 

Parameters     AA (%)    AS (%)      SS (%)   Total (%) f / χ2 p-
value 

Sex             
Male 21 (42.0) 8 (16.0) 21 (42.0) 50 (100.00) 13.551 0.001 
Female 19  (28.8) 32 (48.5) 15 (22.7) 66 (100.00)     
Age             
0-17 3 (100.0) 0 (0.0) 0 (0.0) 3 (100.0) 11.766 0.162 
18-30 32 (31.4) 36 (35.3) 34 (33.3) 102 (100.0)     
31-45 2 (28.6) 4 (57.1) 1 (14.3) 7 (100.0)     
46-65 3 (75.0) 0 (0.0) 1 (25.0) 3 (100.0)     
State of 
Origin 

            

Enugu 16 (23.2) 30 (43.5) 23 (33.3) 69 (100.0) 31.062 0.028 
Anambra 8 (44.4) 1 (5.6) 9 (50.0) 18 (100.0)     
Imo 5 (50.0) 3 (30.0) 2 (20.0) 10 (100.0)     
Cross 
Rivers 

4 (100.0) 0 (0.0) 0 (0.0) 4 (100.0)     

Rivers 2 (50.0) 1 (25.0) 1 (25.0) 4 (100.0)     
Plateau 1 (50.0) 1 (50.0) 0 (0.0) 2 (100.0)     
Abia 4 (80.0) 1 (20.0) 0 (0.0) 5 (100.0)     
Ebonyi 0 (0.0) 1 (50.0) 1 (50.0) 2 (100.0)     
Benue 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0)     
Delta 0 (0.0) 1 (100.0) 0 (0.0) 1 (100.0)     
BP             
SBP 123.28±2.35 117.68±3.64 104.39±4.32 115.48±2.12 7.538 0.001 
DBP    73.45±1.36    74.78±2.50    58.61±2.98    69.30±1.49 14.249 <0.001 

BP: Blood pressure; SBP: Systolic blood pressure; DBP: Diastolic blood pressure 

Anaemia status of  subjects
The prevalence of  anaemia was greatest in participants 
with the SS genotype totaling 88.9 % (32/36), followed 
by AS participants with 52.5% (21/40) and AA partici-

pants with 47.5 % (19/40). The severity of  anaemia var-
ied among participants of  the various genotypes. Severe 
anaemia was significantly higher (p<0.001) in sickle cell 
subjects (SS) compared to AA and AS subjects (Table 
2).

Table 2: Proportion of anaemic subjects in the study 

Anaemia Level Genotype Chi- Square 
  
  
  
  
63.586 

P-value 
  
  
  
  
<0.001 

  
  
Mild 
  
Moderate 
  
Severe 
  
Total 

AA (%) 
  
13(68.4) 
  
6(31.6) 
  
0(0.0) 
  
19(100) 

AS (%) 
  
4(19.0) 

  
17(81.0) 
  
0(0.0) 
  
21(100) 

SS (%) 
  
2(6.2) 
  
5(15.6) 
  
25(78.1) 
  
32(100) 

  
  Oxidative stress and antioxidant indices

The level of  Malondialdehyde was significantly higher 
(p=0.013) in AS than in AA and SS participants but 
the difference between AA and SS participants was 
insignificant (p=0.550). More so, the protein carbonyl 
content was insignificantly (p=0.195) higher in SS par-
ticipants compared to AA and AS participants. The ni-
tric oxide scavenging (NOS) capacity was significantly 
lower (p<0.05) in SS compared to AA and AS partic-
ipants. A significant decreased (p<0.05) NOS activity 

was observed between AA and SS participants. Cata-
lase activity was significantly higher (p<0.001) in sickle 
cell anaemia (SS) participants compared to AA and AS 
participants.  SOD activity was significantly lower (p = 
0.014) in sickle cell anaemia (SS) participants compared 
to AA and AS participants. Similarly, glutathione level 
was significantly lower (p<0.001) in sickle cell anaemia 
participants compared to AA and AS participants. Glu-
tathione-s-transferase activity was insignificantly higher 
(p = 0.343) in sickle cell anaemia participants compared 
to AA and AS participants (Table 3).
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Table 3: Oxidative stress and antioxidant indices in study subjects 
  
  AA AS SS p-value 
MDA (µM) 7.59±0.46 9.00±0.35a 7.89±0.15b 0.013 
Protein oxidation (µM) 64.16±2.03 59.16±2.21 65.58±3.60 0.195 
NOS Activity (%) 210.87±6.03 197.60±3.10 186.01±7.28a 0.010 
Catalase (U/mg) 2677.28±118.38 1607.63±195.75a 2742.26±249.75b <0.001 
SOD (U/mg) 917.98±134.81 728.16±134.25 402.83±75.13a 0.014 
GSH(µ/mg) 1759.10±120.61 1356.82±138.95a 555.33±107.41ab <0.001 
GST (U/ml) 4.37±0.99 3.57±0.86 5.45±0.79 0.343 

Legend: AA: Normal individuals with AA genotype; AS: Sickle cell carrier; SS: Sickle 
cell anaemia participants; MDA: Malondialdehyde; NOS: nitric oxide scavenging activity; SOD: Superoxide 
dismutase; GSH: reduced Glutathione; GST: Glutathione-S-transferase. 

Relationship of  vaso-occlusive crisis with oxidative 
stress and antioxidant indices
There was a significant (p<0.05)  higher level of  very 
severe vaso-occlusive crisis in sickle cell anaemia sub-

jects with high MDA level compared to their counter-
parts with low MDA level. Also, SCA subjects with low 
level of  NOS activity had more significant (p<0.05) se-
vere vaso-occlusive crisis than SCA individual with high 
NOS activity (Table 4).

Table 3: Oxidative stress and antioxidant indices in study subjects 
  
  AA AS SS p-value 
MDA (µM) 7.59±0.46 9.00±0.35a 7.89±0.15b 0.013 
Protein oxidation (µM) 64.16±2.03 59.16±2.21 65.58±3.60 0.195 
NOS Activity (%) 210.87±6.03 197.60±3.10 186.01±7.28a 0.010 
Catalase (U/mg) 2677.28±118.38 1607.63±195.75a 2742.26±249.75b <0.001 
SOD (U/mg) 917.98±134.81 728.16±134.25 402.83±75.13a 0.014 
GSH(µ/mg) 1759.10±120.61 1356.82±138.95a 555.33±107.41ab <0.001 
GST (U/ml) 4.37±0.99 3.57±0.86 5.45±0.79 0.343 

Legend: AA: Normal individuals with AA genotype; AS: Sickle cell carrier; SS: Sickle 
cell anaemia participants; MDA: Malondialdehyde; NOS: nitric oxide scavenging activity; SOD: Superoxide 
dismutase; GSH: reduced Glutathione; GST: Glutathione-S-transferase. 

Table 3: Oxidative stress and antioxidant indices in study subjects 
  
  AA AS SS p-value 
MDA (µM) 7.59±0.46 9.00±0.35a 7.89±0.15b 0.013 
Protein oxidation (µM) 64.16±2.03 59.16±2.21 65.58±3.60 0.195 
NOS Activity (%) 210.87±6.03 197.60±3.10 186.01±7.28a 0.010 
Catalase (U/mg) 2677.28±118.38 1607.63±195.75a 2742.26±249.75b <0.001 
SOD (U/mg) 917.98±134.81 728.16±134.25 402.83±75.13a 0.014 
GSH(µ/mg) 1759.10±120.61 1356.82±138.95a 555.33±107.41ab <0.001 
GST (U/ml) 4.37±0.99 3.57±0.86 5.45±0.79 0.343 

Legend: AA: Normal individuals with AA genotype; AS: Sickle cell carrier; SS: Sickle 
cell anaemia participants; MDA: Malondialdehyde; NOS: nitric oxide scavenging activity; SOD: Superoxide 
dismutase; GSH: reduced Glutathione; GST: Glutathione-S-transferase. 
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Table 4: Relationship of vaso-occlusive crisis with oxidative stress and antioxidant indices 
  
    Painful vaso-occusion crisis   
    Mild (%) Severe Very 

Severe 
Total Chi-square p-value 

CAT(U/mg) Low 11 (31.4) 7 (20.0) 2 (5.7) 20 (57.1) 0.173 

  

0.917 
High 8 (22.9) 6 (17.1) 1 (2.9) 15 (42.9) 

SOD(U/mg) Low 12 (34.3) 7 (20.0) 3 (8.6) 22 (62.9) 2.226 0.329 
High 7 (20.0) 6 (17.1) 0 (0.0) 13 (37.1) 

GST(U/ml) Low 13 (37.1) 10 
(28.6) 

2 (5.7) 25 (71.4) 0.310 0.856 

High 6 (17.1) 3 (8.6) 1 (2.9) 10 (28.6) 
GSH(µ/mg) Low 14 (40.0) 10 

(28.6) 
1 (2.9) 25 (71.4) 2.373 0.305 

High 5 (14.3) 3 (8.6) 2 (5.7) 10 (28.6) 
NOS (%) Low 9 (25.7) 12 

(34.3) 
2 (5.7) 23 (65.7) 6.920 0.031 

High 10 (28.6) 1 (2.9) 1 (2.9) 12 (34.3) 
MDA(µM) Low 14 (40.0) 8 (22.9) 0 (0.0) 22 (62.9) 6.041 0.049 

High 5 (14.3) 5 (14.3) 3 (8.6) 13 (37.1) 
PCC(µM) Low 16 (45.7) 9 (25.7) 2 (5.7) 27 (77.1) 1.187 1.553 

High 3 (8.6) 4 (11.4) 1 (2.9) 8 (22.9) 
PCC: Protein carbonyl content; CAT: Catalase activity; GST: Glutathione-S-
Transferase activity; GSH: Glutathione; SOD: Superoxide dismutase activity; NOS: Nitric 
oxide scavenging activity; MDA: Malondialdehyde.  
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Discussion
In SCA, anaemia can be caused by blood loss, decreased 
red blood cell production, and increased red blood cell 
breakdown. In this study, it was observed that the prev-
alence of  anaemia, particularly severe anaemia was sig-
nificantly higher in SCA individuals compared to con-
trols. This finding is similar to that of  a previous report 
among sickle cell patients in Nigeria27. SCA is known to 
generate ROS during the auto-oxidation of  HbS which 
is associated with reduced antioxidant defence mech-
anism28. Apart from HbS autoxidation, other intrinsic 
source of  pro-oxidant production included heme iron 
release, increased activity of  certain oxidases such as 
endothelial xanthine oxidase and NADPH oxidase29, 
uncoupling of  NOS activity and decreased nitric oxide 
(NO) levels30. Elevated levels of  ROS in the body be-
yond the antioxidant system capacity lead to a state of  
oxidative stress. One of  the major consequences of  ox-
idative stress is cell damage which is as a result of  ROS 
attacking lipid membrane through the process of  lipid 
peroxidation. One of  the key products of  lipid peroxi-
dation is malondialdehyde (MDA) and has usually been 
considered as a key marker of  oxidative stress31. Previ-
ous studies have shown elevated level of  MDA in SCA 
suggesting the excessive formation of  free radicals by 
sickle cells 32. In this study, MDA level was significantly 
different in SCA participants compared to AA and SS 
participants. Endogenous proteins are targets for free 
radical attacks via the oxidation of  cysteine, methio-
nine, and/or tyrosine residues; forming carbonyls as the 
oxidation product leading to protein damage. As such, 
there is a direct link between the generation of  free rad-
icals, possibly from sickle RBC and increased levels of  
protein carbonyls33. In this study, there was a trend of  
increased protein carbonyl content in SCA participants 
suggesting possible protein damage by ROS as a result 
of  SCA. The pathophysiology of  SCA is highly affect-
ed by the oxidant/antioxidant status34. SOD is one of  
the most effective intracellular enzymatic antioxidants 
and it catalyzes the conversion of  superoxide anions 
to oxygen and H2O2. In this study, SOD activity was 
significantly lower in SCA individuals compared to the 
controls. This finding is in accordance with some previ-
ous studies which have shown decreased SOD in sickle 
cell disease35, 36. It is suggested that this decrease could 
be due to increased oxidative stress which results in ex-
cessive antioxidant consumption leading to antioxidant 
deficiency35 or related to the severity of  the SCA dis-
ease. Catalase is an antioxidant which can decompose 
H2O2 to water and oxygen in reactions. There has been 
discrepancy in reports on catalase activity in SCD as 
some studies have shown decreased catalase activity in 

transgenic sickle mouse models37 as well as in SCD pa-
tients39 while other studies have shown increased cata-
lase activity38. In this study, catalase showed increased 
activity in SCA individuals compared to controls. This 
result corroborates with findings of  previous studies 
which showed increased catalase levels in SCD pa-
tients38. The increase in catalase activity might be as a 
result of  a protective measure by the body to scavenge 
ROS, particularly H2O2 or might possibility be a conse-
quence of  higher reticulocyte content in SCD patients’ 
blood, whereas the decreased levels might be due to the 
overwhelming and chronic level of  oxidative stress34. 
NO is an important regulator of  blood flow, vascular 
tone, and adhesion. However, in SCD, NO was found 
to decrease as it reacts with high level of  ROS such 
as peroxide, superoxide, and hydroxyl radicals, forming  
more potent reactive NO species which may damage 
the cell membrane44. In this study, NO scavenging ac-
tivity was significantly higher in SCA individuals com-
pared to normal individuals with AA genotype. The 
high level of  NO may serve as a protective mechanism 
to remove the more potent reactive NO species form 
in sickle cell erythrocytes. Glutathione is an antioxidant 
that acts as a co-factor for several detoxifying enzymes, 
scavenge singlet oxygen and hydroxyl radical directly, 
participate in the transportation of  amino acid across 
plasma membrane, and assist in the generation of                                 
vitamins E and C41,42. In this study, glutathione activity 
was significantly lower in SCA individuals compared to 
the control groups. This finding is in accordance with 
previous works which have also shown glutathione level 
to be significantly reduced in SCD patients43 with some 
studies presenting about 50% decrease of  glutathione 
level in sickle erythrocytes compared with normal 
erythrocytes44. Glutathione-S-transferase is an antioxi-
dant which plays a significant role in protecting against 
oxidative stress by conjugating ROS with glutathione45. 
This study showed glutathione-S-transferase activity to 
be insignificantly higher in SCA individuals compared 
to the control groups. The insignificantly high level of  
glutathione-s-transferase may account for the lower 
level of  glutathione in SCA individuals as it conjugates 
glutathione to the excess ROS formed by sickle cell 
erythrocytes.

SCA patients usually experience a painful episode called 
sickle cell vaso-occlusive crisis (VOC). This painful ep-
isode is often characterized by severe pain in the chest, 
back, abdomen or extremities. Usually, multiple areas 
of  the body are affected and these painful episodes last 
for days or weeks. The severity, frequency and duration 
of  this pain vary considerably amongst SCA individ-
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uals. Though it remains unclear how this pain origi-
nates, it is believed to result from the accumulation of  
sickle-shaped red blood cells in capillaries obstructing 
and restricting blood flow into organs thereby causing 
pain, ischaemia and organ damage9. Moreover, this ob-
structive capillary blockage induces the recruitment of  
neutrophils and monocytes thereby promoting chronic 
pro-inflammatory response10. Reactive oxygen species 
(ROS) are often released and present in chronic inflam-
mation thus, there is a possibility that oxidative stress 
may influence VOC observed in SCA individuals. The 
disruption of  the antioxidant defence system due to 
oxidative stress prompted us to investigate their rela-
tionship with VOC. Our findings showed a significantly 
higher level of  very severe VOC observed in SCA indi-
viduals with high MDA level.  More so, SCA individuals 
with low level of  NOS activity had more significantly 
severe VOC. These findings suggest that VOC in SCA 
may be associated with oxidative stress. However, a lim-
itation in this study may be the small sample size which 
may be limiting to the generalization of  this finding.
 
Conclusion
SCA exhibited oxidative stress and alteration of  the an-
tioxidant defence system which may be associated with 
vaso-occlusive crisis.  This is the first report to present 
the possible association of  vaso-occlusive crisis with 
oxidative stress in SCA subjects. However, limitation 
in this study was the small sample size which may be 
limiting to generalization. As such, further studies are 
required with larger sample size to ascertain the rela-
tionship between vaso-occlusive crisis in SCA individu-
als with oxidative stress.
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