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1. Introduction

2+Low concentrations of magnesium (Mg ) in red blood cells (RBC) have been implicated in the 
pathogenesis of dehydration in RBCs known to be a precipitating factor in sickle cell crisis. The 
present study is aimed at estimating the activities of ATPases localized on the red cell 

2+membrane, protein and intracellular red blood cell Mg  concentrations of normal and sickle 
2+cell patients. Intracellular magnesium (Mg ), protein and membrane ATPases were estimated 

in a total of 60 subjects (30 males and 30 females) in Enugu metropolis, aged between 18 and 
40 years. Twenty (20) of them (10 males and 10 females) were patients with sickle cell disease 
(SCD) attending the Sickle Cell Clinic at the University of Nigeria Teaching Hospital (UNTH), 
Ituku-Ozalla, Enugu, Nigeria whereas 40 of them were volunteers (20 males and 20 females) 
with homozygous (AA) and heterozygous (AS) haemoglobin phenotypes.  A significant low 

2+mean value (P<0.05) was noted for the intracellular RBC Mg  concentration in the SCD 
subjects relative to the AA and AS subject groups, where high levels were recorded. The mean 

2+value of Ca ATPase in the SCD group of patients was 0.2499 ± 0.02 , which indicated a high 
specific activity (P<0.05) relative to the AA and AS groups, whereas low enzyme activities were 

2+ 2+ 2+observed for the Mg  and Ca /Mg ATPases compared to those of the control groups.  
2+ 2+ 2+ 2+Mg ATPase and Ca /Mg ATPase activities were generally decreased whereas Ca ATPase 

2+activity increased in SCD patients. There were significantly low levels of RBC Mg  in SCD 
patients compared to the controls.

Sickle Cell (HbS) gene results from an aberration of the gene 
code for the haemoglobin (Hb )A and a benign mutation causing no 
apparent effects on the secondary, tertiary or quaternary 
structures of Hb [1, 2]. Under conditions of low oxygen 
concentration, there is polymerization of the HbS itself [1]. 

Red blood cell (RBC) dehydration plays a key role in the 
pathophysiology of sickle cell disease (SCD). This occurs when ions 
and water flow out of the RBC, causing the cellular volume to 
decrease and the cellular Hb concentration to increase [3, 4]. This 
increase in Hb concentration leads to an increased rate of Hb 
polymerization under hypoxic conditions [5]. 

The presence of dense, dehydrated red blood cells is one of the 
hallmark characteristics of patients with sickle cell disease [6,7] 
and dense cells have increased propensities for becoming trapped 
in the capillaries, possibly leading to microvascular obstruction 
and chronic organ damage [8-10].  
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2+Magnesium (Mg ) is a RBC element involved in ATP energy 
transfer reactions and normal cardiac function.  It also serves as a 
cofactor in approximately 300 enzyme systems [2]. Low 
concentrations of magnesium have been implicated in the 
pathogenesis of RBC dehydration and a concomitant increase in 
symptoms in SCD patients [12,13]. This in turn has been linked to 

2+the action of calcium (Ca ) -activated potassium (K+) channel [4]. 
During these periods of low oxygen concentration, for reasons yet 

2+unknown, Ca  bind to sites on the K+ channel membrane protein 
on the RBC activating it, leading to an efflux of K+, Cl- and water 
from the cell. This eventually results in HbS polymerization, 
sickling and clogging of the blood vessels, ultimately giving way to 
painful episodes of sickle cell crises [14].

2+To prevent sickling of red blood cells, Mg  levels have to be 
maintained within the normal range in the cells [15]. There are at 

2+least two theoretical justifications for increasing RBC Mg  content 
in patients with SCD [4].

Sixty (60) subjects made up of 30 males and 30 females all 
residing in Enugu, Nigeria, aged between 18 and 40 years were 
included in this study. They were made up of 20 SCD patients (10 
males and 10 Females) and 40 control subjects (20 males and 20 
females). The patients with SCD were among those attending the 
Sickle Cell Clinic at the University of Nigeria Teaching Hospital 
(UNTH), Ituku-Ozalla, Enugu, while the other 40 control subjects 
(homozygous and heterozygous for HbA RBC haemoglobin 
phenotypes were volunteers from the same university. Ethical 
clearance for this study was given by the Ethics Committee of the 
Institution and informed consent was obtained from the subjects 
before inclusion in the study. 

2+a) Direct effect on cell water: When the cell Mg  content is 
increased, negatively charged Cl- enter the cell to maintain 
electro-neutrality. Water also moves into the cell causing a 
decrease in the concentration.

2+b) Modulation by Mg  of K-Cl co-transport: Increasing 
2+internal Mg  markedly inhibits K-Cl co-transport [13]. Small 

2+changes in cell Mg  content from the normal range induce 
significant changes in K+ flux via K-Cl co-transport [4].

2+In this study, intracellular RBC Mg  concentrations of control 
and SCD subjects were estimated and compared. The RBC 

2+ 2+ 2 2+membrane activities of Ca -, Mg -, Na+/K+-, Ca +/Mg - and Total 
ATPases were investigated as well.  

Venous blood (5ml) was drawn by venipuncture from each 
subject and distributed as follows for necessary preparation: 
3mls was delivered into heparin-containing bottles and 2mls was 
allowed to clot in EDTA-washed bottles for serum extraction 
(protein estimation). Erythrocyte ghosts were prepared as 
follows:

Three mls of whole blood was added to fifteen mls of ice-cold 
0.9% NaCl and mixed thoroughly by titration, centrifuged at 
600rpm for 10 minutes and supernatant discarded. The above 
step was repeated 3 more times before lysis of the red blood cells 
in 5mM sodium phosphate pH 7.4. The suspension was 
centrifuged in a refrigerated centrifuge at 3000rpm for 20 
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minutes and the supernatant was collected into 5mls EDTA-
washed bottles, stored frozen until time for analysis in atomic 
absorption spectrophotometer. Further lysis and centrifugation 
was repeated 6 times to remove most of the remaining 
haemoglobin, until the red colour of the sediments faded to a much 
milkish white colour. The sediments were transferred into clean 
dry EDTA-washed containers, tightly corked and stored frozen at -

o20 C until required for use.

The volumes of blood were obtained with pipettes, 
introduced into beakers and heated to dryness to remove 
impurities in the blood samples. Ten (10) mls of aquaregia (nitric 
acid and hydrochloric acid) was added to destroy any 
complementary binding of the Mg salt with other blood 
components. It was heated to dryness. To extract the Mg salt, 
10mls of water was added, stirred and filtered. The filtrate was run 
in the atomic absorption spectrophotometer and absorbance 
determined with Mg cathode lamp at 285nm. Standards of Mg 
solution were obtained and a calibration curve drawn from which 
the absorbances of the samples were compared. 

The Folin-Phenol reagent method described by Lowry et al 
[16] was employed for the protein estimation and the 
concentrations were read off from a protein calibration curve after 
the absorbances were read at 680nm wavelength.

The method used for the assay of total ATPase was that of 
[17]Bonting  while the individual ATPases were assayed according 

to the method of Takeo et al [18]. The inorganic phosphate (Pi) 
released was estimated by the method of  Fiske and Subarrow 
[19]. A phosphate standard curve of 0-250 mol/L was prepared 

 using Na HPO  , 0.5ml Tris HCL, 50mmol/L and 0.01 ml of EDTA.2 4
oThe tubes were incubated at 37 C for 30 minutes. 0.4ml of 10% 

sodium dodecyl sulphate (SDS) was added to stop the reaction. 
Two mls of a mixture of 2mls 9% ascorbic acid and 8mls of 
ammonium molybdate reagent was then added. The tubes were 
incubated at room temperature for exactly 10 minutes and 
absorbances were read at 680nm.

The results were analyzed using the Statistical Package for 
Social Sciences (SPSS) computer software, and the results were 
presented as mean ± standard deviation (± SD). 

  The results obtained showed (Table 1)  a low mean value for 
2+the intracellular RBC Mg  concentration in the SCD subjects 

relative to the AA and AS subject groups, where high levels were 
recorded. The means were significantly different at 95% 
confidence level.

2. Materials and Methods

3.Results

2.4.Analytical Methods

2.1. Subjects 

2.4.1.Intracellular Magnesium Estimation
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2.6.Total and Individual ATPase Enzyme Assay

2.7.Statistical Analysis

2.2. Sample Collection and Processing
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2+Table1. The levels of Intracellular Red Cell Mg  Concentration 
in Sickle Cell Disease (SCD) and Control (AA and AS) Groups

Group N
2+Mg conc. (mg/L of  blood)

Control

Test

AA

SCD

AS

P

20

20

20

5.908 ± 2.267

1.734  1.102±

4.707  1.687±

p < 0.05
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2+The results showed (Table 2) the mean value of Ca -ATPase in 
 the SCD group was 0.2499 ± 0.0219 indicating a high specific 

activity relative to the AA and AS groups, whereas low enzyme

2+ 2+ 2+activities were observed for the Mg  and Ca /Mg -ATPases 
compared to those of the control groups. There were significant 
differences at 95% confidence level for these enzymes.

2+ 2+ + + 2+ 2+Table 2. Specific Activities of Ca -, Mg -, Na /K -, Ca /Mg - and Total ATPases in people with Sickle Cell Anaemia (SS) and Control 
(AA and AS) Groups

Group N
2+Ca - 2+Mg - + +Na /K - 2+ 2+Ca /Mg - Total 

Control

Test

ATPase 
(µmolPi/mg prot/min)

0.2132  0.0445 ± 

0.2143  0.0625 ± 

0.2499  0.0219 ± 

P < 0.05

20

20

20

AA

AA

SCD

P

ATPase 
(µmolPi/mg prot/min)

0.443  0.096 ± 

0.402 0.093 ± 

0.364  0.118 ± 

P < 0.05

ATPase 
(µmolPi/mg prot/min)

0.68  0.1088 ± 

0.741  0.281 ± 

0.789  0.141 ± 

P > 0.05 

ATPase
 (µmolPi/mg prot/min)

0.4105  0.1130 ± 

0.3635 0.1349 ± 

0.2345  0.093 ± 

P < 0.05

ATPase 
(µmolPi/mg prot/min)

1.335  0.116 ± 

1.3095  0.162 ± 

1.3355  0.089 ± 

P > 0.05

4.Discussion

In an attempt to elucidate the frequent biochemical initiation 
of vaso-occlusive crisis in patients with SCD, 20 SCD patients in 
Enugu, Nigeria were studied to ascertain the levels of magnesium. 

2+Lower values of Mg  concentration were observed in SCD patients 
compared to the control subjects. Preliminary research on dietary 
habits shows that food and nutrient intake by patients with SCD in 
general meets or exceeds recommendations and is not 
significantly different from healthy controls [20]. In a study, 
administration of 540mg magnesium pidolate orally has been 
shown to reverse some of the characteristic RBC abnormalities 
and to reduce the number of painful days for sickle cell patients 
[21] [22]. This means that higher levels of magnesium intake from 
foods such as beans, nuts, green leafy vegetables etc., can possibly 

2+ameliorate the effects of red cell dehydration. Elevated Ca ATPase 
activity was observed in the SCD group. This may be due to an 
activation product, induced in periods of deoxygenation of RBCs 
or low oxygen concentration/tension, since RBCs are constantly in 
a cycle of oxygenation, deoxygenation and reoxygenation. In these 

2+periods, for reasons yet unknown, Ca  bind to sites on the K+ 
channel membrane protein on the RBC activating the channel and 
leading to efflux of K+, Cl- and water from the cell. This results 
ultimately in polymerization and sickling of blood vessels, which 
in addition to the activities of the various adhesion molecules, 
contribute to the pathogenic mechanisms involved in the 
initiation of sickle cell crisis. Although mechanisms have not been 
clearly understood for its implication in the pathophysiology of 

2+SCD, this increased Ca ATPase activity may be associated, in a 
pathway different from the reasoned deoxygenation mechanism, 

2+with the activation of the Ca activated K+ channel (Gardos 
channel) which eventually leads to loss of K+ and subsequent red 
cell dehydration.

2+The low Mg ATPase activity in SCD subjects could help 
2+explain the low intracellular concentration of Mg  in red blood 

cells of sickle cell patients. Although by supplementing in diets 
with Mg sickling cells could be reversed, it could also be the reason 
for the delay in the reversal of symptoms or painful episodes since 
activity of the enzyme is not optimized. In erythrocyte membrane, 

2+ Mg ATPase is present in spectrin, which is a peripheral 
membrane protein and plays a role in maintenance of its 
membrane flexibility [23]. With a significant role in the red blood 
cell and a decreased activity in sickle cell disease, this could 
explain the easy loss of the cell's biconcavity giving way to vaso-
occlusion and efflux of water.

This study shows that that there are marked decreases in the 
2+ 2+ 2+activities of Mg ATPase and Ca /Mg ATPase and increase in the 

2+Ca ATPase activity in patients with SCD.  Further studies should 
be carried out to substantiate these findings. If supported, 
nutritional magnesium supplements might be beneficial in SCD 
patients in developing countries, such as Nigeria.

This study was carried out in patients previously diagnosed 
with sickle cell disease who were already attending the Sickle Cell 
Disease Clinic of the University of Nigeria Teaching Hospital, 
Enugu, Nigeria. Most of the patients had lost their haemoglobin 
electrophoresis results, so we did not have their specific 
haemoglobin phenotypes. It would have been interesting to be 
able to compare the levels of these assays in the various sickle cell 
disease types in the Nigerian patients.  

5.Conclusion

Limitation of This Study
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