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Abstract : Sickle cell anaemia (SCA) is characterized with sever anaemia
and vasoocclussive episodes. Nitric Oxide (NO) a potential vasodilator,
synthesized from various cells including endothelial cell. However SCA is
associated with endothelial dysfunction, a measure cognitive factor for
pulmonary hypertension (PH) and vasoocclussive crisis. The present study
was attempted to evaluate level of serum NO and plasma antioxidant
vitamins A, E and C in homozygous (n=30) and heterozygous (n=30) sickle
cell patients and compared with age and sex matched healthy controls
(n=30). We found, significantly (P<0.0001) elevated level of serum NO and
significantly (P<0.0001) depleted antioxidant vitamins in homozygous and
heterozygous sickle cell patients compared to healthy controls. Our study
reveals that oxidative stress may be a responsible factor for the reduced
bioavailability of NO which can impair the vasodilation in sickle cell patients.
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INTRODUCTION

Sickle cell anaemia (SCA) was the first
disease to be characterized at the molecular
level, but some of mechanisms underlying
pathophysiology remain unexplained. Similar
to the vascular disease like atherosclerosis,
SCA is associated with chronic inflammation
and ischemia-reperfusion injury due to the

occlusion of rigid sickle erythrocytes in
capi l lary  beds  (1 ,  2 ) .  Vasoocc lus ive
consequences lead to acute episodic pain,
infection, cerebral infarction, acute chest
syndrome, splenic sequestration, end organ
damage and early death (3).

Nitric Oxide (NO) synthesized in an
oxygen dependant reaction catalyzed by nitric
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oxide synthase (NOS), converting L-arginine
to citrulline. Nitric oxide synthase has 3
major  isoforms;  neuronal  (nNOS)  and
endothelial (eNOS) being constitutive, and
inducible (iNOS). iNOS is expressed after the
induction by l ipopolysaccharide (LPS),
inter leukins  ( IL-1 ,  IL-11) ,  and tumor
necrosis factor (TNF-α) the inflammatory
mediators in various inflammatory disorders
such as inflammatory bowel disease, left
ventricular failure, metastatic melanoma and
neutropenic sepsis (4, 5).

Elevated level of malondialdehyde (MDA),
a lipid peroxidation product and superoxide
dismutase (SOD) activity has been also
observed in previous studies suggesting
excessive formation of reactive oxygen
species (ROS) by sickle cells. Lowered level
of antioxidant vitamins and enzyme activities
were also reported in SCA patients (6, 7).
These ROS can react with NO converting
into more potent reactive NO species (RNOS)
which may damage the cell membrane. This
may exaggerate the sickling and hemolytic
consequences  in  s ickle  ce l l  anaemia.
Further, hemolysis may derange the NO
metabolism that reduces the bioavailability
of NO leading to poor vasodilation and
vasoocclussive process.

Therefore, measurement of NO along
with antioxidant vitamins can provide a
simple and potential inflammatory as well
as oxidative stress marker in sickle cell
anaemia.

MATERIAL AND METHODS

The present study was carried out in the
Department of Biochemistry, Annasaheb
Chudaman Patil Memorial Medical College

and sickle cell centre, Shri Bhausaheb Hire
Government  Medical  Col lege ,  Dhule ,
Maharashtra. Prior to start the study, local
ethical clearance was obtained. A total
population of 90 subjects were enrolled in
the study, including age and sex matched 30
(15 male and 15 female) healthy controls
(HbAA) ,  30  (15  male  and 15  female)
homozygous (HbSS) and 30 (15 male and 15
female) heterozygous (HbAS) sickle cell
patients on the basis of solubility test and
HPLC analysis of blood. Subjects were
excluded from the study using criteria of
age  <15 years ,  other  than HbAS and
HbSS pattern, past three month history of
crisis, blood transfusion, treatment with
hydroxyurea, use of vitamins and trace
elements supplementation and pregnancy.

After obtaining the written consent from
all the subjects included in the study a total
of 7 ml of blood withdrawn aseptically from
the antecubital vein. From this approximately
3  ml  b lood in  EDTA (0 .47  mol /L  K3-
EDTA) container and 4 ml blood in plain
container drawn to obtain plasma and serum
respectively. Samples were centrifuged at
3000 rpm for 10 min to separate the plasma
and serum. For the estimation of nitric oxide,
serum was deproteinised first and nitrate was
reduced to nitrite by cadmium granule
reduction method which then coupling with
N-napthyethylenediamine to give pink
coloured complex as per the method of Cortas
and Wakid (8). Plasma Vitamin A measured
by Carr-Price reaction in which blue colour
complex was formed (9). Plasma Vitamin E
determined by Baker and Frank method
which is based on reduction of ferrous ions
which forms a red coloured complex with α-
α1 dipyridyl (10). Plasma Vitamin C measured
by Caraway method based on the reaction
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with dinitrophenyl hydrazine (11).

Data were analyzed using SPSS program
version 16.0. Values were expressed as
means±SD,  s igni f i cance  o f  the  mean
difference between SCA patient and control
was assessed by statistical paired student T
test. Pearson’s correlation coefficient used
for the correlation assessment.

RESULTS

Data of Table No. I shows, significantly
(P<0.0001) increased level of serum NO and
significantly (P<0.0001) decreased antioxidant
vitamins (A, E and C) in heterozygous as
well as homozygous sickle cell anaemia
patients compared to controls. We also seen
negative correlation between plasma NO level
and Vitamin A (r= –0.62, P<0.01), Vitamin E
(r=–0.72, P<0.01) and Vitamin C (r=–0.64,
P<0.01) in homozygous sickle cell patients.

DISCUSSION

In the present study, we observed the
elevated level of serum NO and depleted
antioxidant  vitamins in  SCA patients
compared to the control group. Acute painful

TABLE I : Mean (SD) levels of serum NO and antioxidant vitamins in controls (HbAA),
heterozygous (HbAS) and homozygous (HbSS) sickle cell patients.

Parameters Controls Heterozygous Homozygous

N 30 30 30
Age in years 15–60 15–60 15–60
Male 15 15 15
Female 15 15 15
Nitric Oxide μ mol/l 32.11±6.49  63.41±16.75*  82.88±33.18*
Vitamin A μg/dl 42.73±4.88 30.76±2.44* 23.43±2.82*
Vitamin E μg/dl 82.29±3.06 56.97±4.47* 42.86±3.73*
Vitamin C μg/dl 85.05±3.59 70.26±5.21* 46.81±6.62*

*-P<0.0001 – Control Vs Homozygous Sickle cell anaemia.
*-P<0.0001 – Control Vs Heterozygous Sickle cell anaemia.

vasoocclussive crisis (VOC) is one of the
earliest manifestations of sickle cell disease
(SCO) may occur in early age of life (3).
Endothelial dysfunction is associated with
intravascular hemolysis, reduced nitric oxide
(NO) bioavailability, oxidative stress and
inflammation. This leads to vasomotor
instability and ultimately producing a
proliferative vasculopathy, leading to the
development of the pulmonary hypertension
(PH) in adult age. Pulmonary hypertension,
a common complication is a major predictor
of the mortality rate (12, 13). Reduced
bioavailability of NO, act as predisposing
factor for the vasoocclusion by promoting
RBC adhesion and impairing the regional
regulation of blood flow (14).

Among endothelial mediators, nitric oxide
(NO) regulates the normal vascular tone,
cellular adhesion, platelet aggregation,
and thrombosis .  Various studies  have
demonstrated a state of resistance to the
vasodilation due to eNOS mediated impaired
blood flow (15, 16). Recently, it has been
shown that, this state of NO resistance
to the endogenous and exogenous NO,
correlated with increased plasma hemoglobin
levels which coupled to hemolytic rate and



128 Hundekar et al Indian J Physiol Pharmacol 2012; 56(2)

demonstrated that vitamin E activates
endothelial NOS, increases NO release,
and decreases platelet aggregation in vivo
(22). Adelekan and Ray et al, who also noticed
signif icantly low levels  of  antioxidant
vitamins such as β -Carotene,  Vitamin
E and Vitamin C in sickle cell patients
(6, 23).

Regular  supplementat ion o f  these
vitamins may ameliorate some of the sickle
cell manifestations such as vasoocclussive
crises, acute chest syndrome, recurrent
infect ion  and growth retardat ion (2 ) .
Natta et al observed marked reduction
in the number of circulating irreversible
s ickle  erythrocytes  in  their  35  week
supplementation of vitamin E in patients with
sickle cell anaemia (24). Supplementation of
antioxidant vitamins can mitigate the
oxidative stress which may improve the
bioavailability of NO, vasodilation and
prevent vasoocclussive crisis.

Thus, our study shows elevated serum
NO and depleted antioxidant vitamins
suggests hyphened oxidative stress in SCA
patients. We conclude from this study that
the regular antioxidant supplementation
might be useful in the management of SCA
patients.
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oxidant stress (13, 17). After, the hemolysis
hemoglobin is decompartmentalized and
released into plasma, where it rapidly reacts
with NO and destroys it (12). This results in
the abnormally increased consumption of NO
forming NO free radicals and ultimately
inhibiting vasodilation. The simultaneous
release of  erythrocyte arginase during
hemolysis may limit the availability of
arginine to NOS, contributing to a deficiency
of NO in vascular system (18).

Aslan and Freeman have shown that
superoxide radical formed in the reaction
catalyzed by  xanthine  oxidase  in  the
endothelium inhibit the action of NO in the
vasculature of transgenic sickle cell mice
(19 ,  20) .  Overproduct ion  o f  ROS in
microvasculature increases the oxidative
stress that can disrupt NO homeostasis and
produce the highly oxidative peroxynitrite
radicals. Our finding of increased level of
NO in SCD patients is further supported by
a previous study reporting accelerated auto-
oxidat ion,  enhanced oxidat ive  stress ,
increased susceptibility to lipid peroxidation,
and increased generation of ROS in sickle
cell patients (4, 7).

Essien et al have found significantly low
values of plasma vitamins A (retinol), C
(ascorbic acid) and E (alpha tocopherol) in
patients with sickle cell anemia in steady
state compared to controls, which support
our results (21).  Vitamin E has chain
breaking antioxidant, membrane protective
and anti-inflammatory actions. While vitamin
C synergistically act together with vitamin
E by spearing its action. Studies performed
with mixed tocopherols supplementation have
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