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INTRODUCTION

Sickle cell disease is a genetic disease caused by a point 
mutation in the beta globin gene on chromosome 11 leading 
to the substitution of  valine in place of  glutamic acid in beta 
subunit of  globin molecule.1 This point mutation leads to 
alteration of  the physical and chemical properties of  the 
hemoglobin molecule, which is a tetramer of  two alpha 
and two beta subunits. This hemoglobin molecule having 
mutated beta subunits have a tendency to polymerize and 
get precipitated in deoxygenated state deranging the normal 
flexibility of  the red blood cell membrane and loss of  its 
concave shape.2

The vaso-occlusive crisis, or sickle cell crisis, is a 
common painful complication of  sickle cell disease in 
adolescents and adults. This is initiated and sustained 
by interactions among sickle cells, endothelial cells 
and plasma constituents vaso-occlusion is responsible 

for a wide variety of  clinical complications of  sickle 
cell disease, including pain syndromes, stroke, leg 
ulcers, spontaneous abortion and renal insufficiency.3 
Obstruction of  blood flow results in regional hypoxemia 
and acidosis, creating a recurrent pattern of  further 
sickling, tissue injury and pain. The severe pain is 
believed to be caused by an acute inflammatory response 
to avascular necrosis of  the bone marrow by sickled 
eythrocytes.4

A number of  studies have suggested the alteration in 
intracellular concentration of  various ions associated 
with s ickle cel l  disease.  Cel lular  acidif icat ion, 
cytoplasmic dehydration have also been found in sickled 
erythrocytes.5,6

This study aims to evaluate the activity of  red blood cell 
membrane ATPase activity of  sickle cell crisis patients in 
comparison to sickle cell patients in steady state.
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MATERIALS AND METHODS

This study was done in the Department of  Biochemistry, 
Pt. J.N.M. Medical College Raipur in collaboration with 
Sickle Cell institute, Raipur, Department of  Medicine, 
Dr B.R.A.M. Hospital, Raipur and Department of  
Paediatrics, Dr B.R.A.M. Hospital, Raipur from March 
2015 to July 2016. The study has been approved by the 
institutional ethical committee. Written informed consent 
was obtained from all the subjects prior to start of  the 
study. The study included 20 cases of  Sickle cell disease 
patients having an episode of  sickle cell crisis and 20 age 
and sex matched sickle cell disease patients in steady state 
was included as control group.

Inclusion criteria
Patients of  sickle cell disease diagnosed by Hb 
electrophoresis and HPLC and having an episode of  
crisis were included in the study group. Patients of  sickle 
cell disease diagnosed by Hb electrophoresis and HPLC 
who had no history of  crisis in last one year were included 
in the control group.

Exclusion criteria
Patients who had history of  blood transfusion within 
last six months, patients with any other associated 
hemoglobinopathy or any other co-morbid conditions were 
excluded from the study.

Two ml of  blood sample was collected from each study 
subject by phlebotomy in EDTA vials and separated into 
two parts of  1ml each. The first sample was used for 
measurement of  complete blood count and the second one 
for estimation of  erythrocyte membrane ATPase activity. 
The complete blood count was done by using automated 
hematology cell counter analyzer (Mindray BD – 300 plus).

Measurement of RBC membrane ATPase activity
The measurement of  RBC membrane ATPase activity 
consisted of  the following steps.

Isolation of RBC from whole blood
The RBCs were isolated from the other blood components 
by the help of  density gradient separation. GranuloSepTM 
GSM 1119, HImedia was used for this purpose. The RBC 
pellet obtained was washed three times with tris-HCL 
(100 mM, pH-7.4) containing 100 µM EDTA and 1 mM 
PMSF (phenyl methyl sulfonyl fluoride) and suspended in 
1 ml of  the same buffer.

Preparation of RBC ghost (haemoglobin free membrane 
suspension)
The resultant RBCs were then suspended in 10 ml of  
ice cold Tris-HCl (10 mM, pH -7.4) containing 100 µM 

EDTA and 1 mM PMSF (phenyl methyl sulfonyl fluoride) 
and incubated at 0˚C for 1 hour. After the incubation 
the solution was centrifuged at 13000 g in a refrigerated 
centrifuge (REMI) at 4˚C for 20 minutes. The membrane 
pellet was obtained at the bottom and the supernatant 
was discarded carefully to minimize the membrane loss. 
After several repetition of  the above steps pearly white 
membrane pellets were obtained and resuspended in 1 ml 
of  Tris-HCl (100 mM, pH -7.4) containing 100 µM EDTA 
and 1 mM PMSF.

Measurement of membrane protein concentration
The protein content of  the membrane was estimated by 
using Bradford’s method.7 The standards were prepared 
using Bovine Serum Albumin and the readings were taken 
in a spectrophotometer (Elico SL 210 UV VIS).

Incubation of membrane suspension in reaction 
mixture for ATPase activity
A reaction mixture was made containing NaCl (60 mM), 
KCl (15 mM), Mg Cl2 (6 mM) in Tris HCl (30 mM, 
pH- 7.4). One hundred µg of  membrane protein made 
upto 200 µl was added to 1 ml of  reaction mixture followed 
by 50 µL of  the ATP solution (5mM). The solution was 
incubated for 1 hour at 37˚C for 1 hour. One hundred µl 
of  tricholoroacetic acid is added to the mixture so that 
the reaction stops. The solution was then centrifuged at 
3000 g for 20 minutes and the supernatant is collected for 
the estimation of  inorganic phosphates in it.

Measurement of produced inorganic phosphate as a 
result of ATPase activity
The phosphate liberated in the reaction mixture was assayed 
by a modified method of  Chen et al.8 The standard curve 
for RBC membrane protein assay in all our experiments 
ranges between 0.1 to 10 mM of  PO4

3-. The standards were 
prepared by using Na2HPO4 in 30mM tris HCl.

Calculation of ATPase activity-
The activity of  membrane ATPase was expressed in the 
unit of  milli moles of  phosphate of  phosphate per 100 µg 
of  protein per 1 hour.

Statistical analysis
All parametric values were expressed in the form of  mean 
± standard deviation. Microsoft Excel -2007 was used for 
making the master chart. Unpaired students t test was 
applied to compare the RBC indices and the ATPase activity 
between the two study groups.

RESULTS

The mean age in the sickle cell disease steady state (SS 
Steady) was 14.2 years and that in the sickle cell disease crisis 
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group (SS crisis) was 13.8 years and both the groups was 
comparable in the context of  age and sex (Table 1). The 
RBC indices revealed no significant difference between the 
steady state group and the crisis group except for the mean 
corpuscular haemoglobin which was significantly low in the 
sickle cell crisis patients than those of  the steady state ones.

The present study showed Total Leucocyte Count (TLC) 
of  t 8.6±1.2 x 10 3/µl in sickle cell steady group and 
11.8±1.4 x 10 3/µl in sickle cell crisis group. TLC in the 
crisis patients was found to be significantly higher than 
that of  the steady group. Haynes et al. & Covas et al. 
has also reported higher TLC in sickle cell patients.9,10 
In similar studies conducted by Buchanan et al. also 
indicated that TLC was greatly increased during vaso-
occlusive crisis in sickle cell patients.11 The increased 
TLC in sickle cell patients can be attributed to the fact 
of  increased susceptibility of  the sickle cell patients for 
bacterial infection.

The RBC membrane ATPase activity which was expressed 
in micro moles of  inorganic phosphate generated per 
micro-gram per membrane protein per hour was found to 
be significantly high in the sickle cell crisis patients than 
the sickle cell steady state group (Table 2).

DISCUSSION

Electrolyte concentration in human erythrocytes has been 
shown to vary with various factors. Decrease intracellular 
potassium and increased intracellular sodium has been 
reported on exposure to cold, X-rays, idodoacetate, 
fluoride.12-14 The study of  Toterson et al has shown a similar 
finding in the RBCs of  sickle cell anaemia patients when 
compared to normal individuals. Deoxygenating conditions 
created in vitro tend to further decrease potassium and 
increase sodium inside the erythrocytes.15 Jason et al in 
their study have reported an increased activity of  Na+-
K+ATPase in SS patients.16 Sickling is also accelerated by 
transport of  Na, K, and Cs by non-diffusion, presumed 
carrier, process and opens pathways for the diffusion of  
all three ions.17 Oubain was found to prevent the rise in 
MCHC & reduced the percentage of  sickled erythrocytes. 

These finding indicated a magnified role of  Na+-K+ATPase 
pump in the pathophysiology of  SS erythrocytes.18

Increased activity of  the ATPases lead to an enhanced 
rate of  ionic outflow from the red cells. Accompanying 
the ionic outflow the cell also loses a substantial amount 
of  water leading to cellular dehydration. The intracellular 
dehydration leads to a relative increase in concentration 
of  the hemoglobin facilitating its polymerization 
and precipitation which plays a pivotal role in the 
pathophysiology of  sickle cell crisis.

CONCLUSION

Absence of  a reliable biomarker to diagnose and/or predict 
the advent of  a crisis episode leaves the doctors with the 
only option of  clinically detecting the disorder which makes 
the situation even worse. In this study it has been found 
that the sickle cell crisis patients had a significantly higher 
erythrocyte membrane ATPase activity than the sickle cell 
patients in steady state.

A smaller sample size was a limitation of  the study. 
A larger number of  study subjects can help making a more 
generalized notion about the role of  membrane ATPase 
in sickle cell crisis. Further studies may be undertaken to 
establish the cellular pathways linking membrane ATPase 
activity with sickle cell crisis.
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Table 1: Comparison of blood parameters among the control and study group
Parameter Sickle cell disease (steady state)

N=20
Sickle cell disease (crisis)

N=20
p value

Age (years) 14.2±3.2 13.8±3.8 >0.05
Male (%) 60 60 >0.05
Hemoglobin (gm/dl) 8.31±1.67 8.24±1.02 >0.05
Mean corpuscular volume (fL) 89.38±5.26 82.01±7.01 <0.05
Mean courpuscular hemoglobin (pg) 29.94±4.95 27.63±4.91 >0.05
Mean corpuscular hemoglobin 
concentration (gm/dl)

31.52±1.86 33.42±2.11 >0.05

Total leukocyte count (thousand/µL) 8.6±1.2 11.8±1.6 <0.05

Table 2: RBC membrane ATPase activity in 
sickle cell crisis
Membrane ATPase 
activity

Sickle cell 
disease
(steady 
state)

Sickle cell 
disease
(Crisis)

 
p value

RBC membrane 
ATPAse activity (µmol 
of Pi/µg of protein/hour)

5.06±1.01 5.93±0.83 0.006
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Raipur (CG), Sickle Cell Institute, Chhattisgarh, Raipur 
(CG).
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