The sensitivity of Na*, K* ATPase as an indicator of blood diseases.
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Abstract
Background: Blood-related hereditary diseases are widespread in Eastern and SouthWestern regions of Saudi Arabia until re-
cently. In this study, we used Na*, K"ATPase as an enzymatic indicator for the diagnosis of the diseases.
Materials and methods: Individuals with different blood diseases (iron deficiency (n=13), anemia (n=14), thalassemia (n=106)
and sickle cell anemia (n=12) were studied for Na*, K*™-ATPase activity in the plasma membrane of red blood cell and compared
with those of the healthy ones (n=20) of the same age and gender living in Jeddah, Saudi Arabia.
Results: There was a significant elevation in the specific activity of Na®, K"*ATPase in individuals with anemia compared with
those of control (0.0094 + 0.001 nmol / mg protein/min versus 0.0061 ~0.001). On the other hand, there was a significant
reduction in enzyme activity in thalassemia (0.0028 & 0.002 nmol / mg protein/min) and sickle cell anemia cases (0.0042 +0.001
nmol / mg protein/min) compared to the control group. The cut off value for Na*, K*"ATPase activity is 0.005 pmol Pi/min-
showing 94% sensitivity and 93% specificity for the differentiation of blood abnormality.
Conclusion: It can be recommended that the activity of Na+, K+-ATPase can be used for the diagnosis of individuals with
blood diseases/disorders.
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assemia is a genetic disorder of hemoglobin production,

Introduction in which there is a partial or complete failure to synthe-

Iron deficiency may result from bleeding, inadequate in-
take through diet or malabsorption of iron. This can re-
sult in low hemoglobin (Hb) counts and anemia'?. Thal-
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size specific type of globins(oep).This genetic disorder is
found in people living along the shores of the Mediter-
ranean and in the Middle Eastern and Asian Countries®*.
An important structural abnormality of the Hb chain is
sickle cell hemoglobin (Hb S). Itis caused from a single
base mutation of adenine to thiamine, which leads to an
amino acid change from glutamic acid to valine in the

5,6

sixth position of the B -globin chain”®.

Studies have revealed that Na'™-K" ATPase activity was
altered in disrupted red blood cell membranes™®, and
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this enzyme is believed to be the site of active transport
of Na* and K" in intact red cells’. The enzyme is often
called the (Na'- K") pump because it pumps Na* out and
K" into the cell against gradients with the concomitant
hydrolysis of intracellular ATP".

There are two ways by which the enzyme can transport
Na® and K" through the membrane. The enzyme has a
pocket or door that is open to the extracellular fluid. Al-
ternatively, the pocket or door is open to the cytoplasm.
By switching between the two states the enzyme trans-
ports Na* and K* through the membrane'".

Oxidative damage induced by free globin chains has been
implicated in the pathogenesis of the membrane abnor-
malities observed in alpha and beta thalassemia. The Na*,
K" pump was reduced in thalassemia-like cells, whereas it
was increased in severe alpha and beta thalassemia cells.
Thus, oxidative damage causes the increased activity of
K", CI- co-transport observed in thalassemia, and of the
K" loss observed in beta-thalassemia erythrocytes'”. It
has been suggested that the sickle cell mutations lead to
the formation of unstable HbS and release of iron, which
can result in lipid peroxidation and eventual cell damage
and changes in membrane-bound ATPase activity".

The aim of this study was to investigate the possibility of
using Na*, K*-ATPase specific activity as a complemen-
tary tool for the diagnosis different blood diseases such as
iron deficiency, thalassemia and sickle cell anemia.

Subjects and methods

Materials

Sucrose, magnesium chloride hexahydrat, ascorbic acid,
sodium chloride, potassium chloride, ammonium molyb-
date, ethylenediaminetatra-acetic acid (EDTA), sodium
hydroxide, sodium dodecyl sulphate (SDS), sulfuric acid
(H,SO4), hydrochloric acid and tris (tris hydroxymethyl
aminoethane) were purchased from BDH limited (Poole,
England). Adenosine-5"- triphosphate disodum salt and
Ouabain were obtained from Sigma Chemical Company
(St. Louis, MO, USA).

Subjects

Human subjects included in this study were selected from
four different hospitals in Jeddah area of Saudi Arabia
(King Abdulaziz University Hospital, King Fahad Hospi-
tal, Al Thaqger Hospital and Maternity Hospital).

Atotal of 106 subjects were included in this study and were
divided into two groups. The first group consisted of 63
normal healthy individuals and was used in this study as
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a control. This control group consisted of 34 males and
27 females of ages between 23 and 50 years. The second
group (n= 43) consisted of patients with red blood cell
disorders, such as iron deficiency anemia (n=13), thalas-
semia (n=14) and sickle cell anemia (n=16). Inclusion
criteria included blood disease with no systemic disorder
and exclusion criteria included diabetes, hypertension,
cardiac disorder, and pregnancy. Detailed history, men-
tal, physical status and clinical examination showed that
the control group had healthy individuals and had not
been subjected to any therapeutic drugs during the past 4
months of sampling, Patients with blood disorders were
confirmed by clinical and biochemical examinations. The
subjects were informed of their consent prior to drawing
blood samples.

Collection of blood samples

Venous blood sample (2 ml) was collected in a heparin-
ized tube from each subject and keptin an icebox. Plasma
was separated by centrifugation at 3500 rpm at 4°C for 10
minutes. Precipitated red blood cells (RBC) were washed
by isotonic solution (0.9 % w/v NaCl) three times. An-
other wash with deionized water was performed, and
then stored at —20°C overnight. After thawing, the super-
natant was separated by centrifugation at 8000 rpm for 30
min, plasma was used for the Na*- K" ATPase assay.

Determination of the Na*; K* -ATPase activity

The ATPase activity was quantified by measuring the re-
lease of Pi from ATP as described eatlier'. A spectro-
photometric method was adopted (the quantity of Pi in
the assay was then determined spectrophotometrically
against a standard curve derived from a solution of known
phosphate concentration). Approximately, 0.1 ml of RBC
homogenate was added to ATPase buffer (50 mM Tris-
HCI, 3mM MgC,_. 6H O, 10 mM KCI, 0.1mM EDTA,
100mM NaCl at pH 7.4 and +/- Ouabain) and incubated
for 5 min at 37°C in a water bath and then 2 mM ATP
was added and incubated further for 10 min. Ammoni-
um molybdate solution was added to stop the reaction".
By adding 20 ul of ascorbic acid, the absorbance of col-

16

or complex was measured at 750 nm'®. The calorimetric

method was similar to the method of Biuret!.

Statistical analysis

The data was analyzed using SPSS statistical package.
T-test was used for the comparison of means. P values
were considered to be statistically significant at < 0.005.

263



Sensitivity and specificity of the enzyme activity were
calculated and for that a p value of =0.05 was consid-
ered significant. Analysis of variance (ANOVA) was used
to test for the significant difference between the groups
when comparing samples. A receiver operating curve
(ROC) curve analysis was used to calculate the accuracy
of each marker. Between and within subject comparisons
were made using t-tests.

Results

Iron deficiency (Anemia)

Figure 1 shows the mean activity of Na®, K*-ATPase
in iron deficiency anemic patients compared with those
of healthy individuals. Healthy individuals showed a sig-
nificantly lower values (0.0081* 0.001 umol Pi/min. mg
protein) compared to iron deficiency patients (0.0094 +
0.001 umol Pi/min. mg protein) and the difference was
highly significant (P<0.001).

patients.

Figure 1: Mean values of specific activity of Na+, K+ -ATPase in healthy males and
females of ages 23-50 yearsin comparison with those of iron deficiency anemia
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Figure 2 shows the mean activity of Na*, K'-ATPase of
thalassemia patients compared with those of healthy
individuals. The enzyme activity of thalassemia patients
(0.0283 * 0.002 umol Pi/min. mg protein) was higher
compared to healthy individuals and the difference is
highly significant (P<0.001).

Figure 3 shows the mean activity of Na®, K*-ATPase
of sickle cell anemia patients compared with those of
healthy individuals. Sickle cell anemia patients had higher
enzymatic activity (0.052 + 0.001 umol Pi/min. mg pro-
tein) than healthy individuals (0.0081 ¢ 0.001 umol Pi/
min. mg protein) and the difference was highly significant
(P=0.000)
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The receiver operating curve (ROC) analysis for Na*/
K"-ATPase activity in various groups of individuals are
shown in Fig 4-6 and Tables (1-3). Na*/K"-ATPase
supported the diagnostic profile, showing an area under
curve (AUC) of 0.91 with a cut-off value of 12% (sen-
sitivity, 94%; specificity, 93%). Na*/K*"-ATPase activity
increased in thalassemia and sickle cell anemia patients
compared to the control group, while the enzyme activity
decreased in iron deficiency anemia patients in compar-
ison to control. The cut-off value as 89% for iron defi-
ciency, 75% for thalassemia and 82% for sickle cell ane-
mia.
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Figure 2: Mean values of specific activity of Na+, K+ -ATPase in healthy males and females of
ages 23-50 yearsin comparison with those of thalassemia patients.
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Figure 3: Mean values of specific activity of Na+, K+ -ATPase in healthy
males and females of ages 23-50 yearsin comparison with those of sickle

cell anemia patients.

African Health Sciences Vol 17 Issue 1, March, 2017 265



ROC Curve

mE=

=)
1
S

Sensitivity

2
il
.

oo T T T
[afn] 0z o4 s [ER-] 10

1 - Specificity

Fig 4: The receiver operating curve (ROC) of enzyme activity between iron deficiency
anemia patients versus control group
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Fig 5: The receiver operating curve (ROC) of enzyme activity between thalassemia
patients versus control group
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Fig 6: The receiver operating curve (ROC) of enzyme activity between for sickle cell
anemia patients versus control group

Area Under the Curve
Table 1: Test result variable (s): Na*, K" -ATPase

Area Std. Error® Asymptotic Sig.b
.938 .040 .000

a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5
Area Under the Curve

Table 2:Test Result Variable(s): Na+,

K+ -ATPase .
Asymptotic 95%
Confidencelnterval
Area Std. Error® Asymptotic Sig.b Lower Bound Upper Bound
.861 .061 .000 741 .982

The test result variable(s): Cortisol has at least one tie between the positive

actual state group and the negative actual state group. Statistics may be biased.
a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5
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Area Under the Curve

Table 3: Test results variable (s): Na*, K" ATPase

K+-ATPase

Asymptotic Asymptotic 95% Confidence Interval
Area Std. Error® Sig.b Lower Bound Upper Bound
.871 .058 .000 .758 .984

The test result variable(s): Cortisol has at least one tie between the positive

actual state group andthe negative actual state group. Statistics may be biased.

a. Under the nonparametric assumption

b. Null hypothesis: true area = 0.5

Discussion

Na*/K*"-ATPase is a membrane-bound enzyme which
is involved in the regulation of membrane potential, cell
permeability for Na*, K" and Ca2" and neurotransmit-
ters. It is also important in cell cycle and differentiation.
The balance of Na* and K* between the intracellular and
extracellular regions is the main requirement for cellular
homeostasis and for different functions®. Therefore, the
utilization of Na*/K*-ATPase activity as a biomarker for
blood diseases is appropriate.

Previous studies have stated that, there is an elevation of
Na®, K'-ATPase activity in the primary anemia patients.
This elevation may compensate the mechanism for adap-
tation of the patients with low oxygen and its physiolog-
ical role in the cell™.

The specimens of blood diseases collected in this study
originated from three types: Iron deficiency anemia
(IDA), thalassemia (Thala) and sickle cell anemia (SCA).
Overall the mean specific activity of Na®, K -ATPase
in Thala and SCA patients is higher compared with the
healthy individuals (p<0.01 and p<0.05 respectively).
These results are in accordance with those reported in
a previous study that found a significant changes in the
specific activity of ATPase in sickle cell anemia patients
compared to control group'®. The cation permeability of
red cells containing hemoglobin S is changed markedly
when the cells undergo sickling at low oxygen tension".
There was an increased turnover of cations with a rise in
the cation leakage due to the distortion of the membrane
surface. The loss of K* exceeds the gain of Na* in sick-
led cells so that water is lost from the cells. The net loss
of K" is inversely proportional to the oxygen tension and
can serve as a criterion for the extent of the sickling®.
Several investigators have noted a rise in lactate produc-
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tion during the sickling process. This could be due to a
response by the Embden Meyerhof glycolytic pathway to
increase ATP production as active transport attempts to
cope with the increased leakage. However, a low oxy-
gen tension induces a rise in the intracellular pH, which
is also a stimulus to glycolysis. In irreversibly sickled cells
(ISC), even when oxygenated, the cell water and K" are
low while Na* is moderately increased®.

It is likely that the increases in ATPase activity suggest-
ed the presence of younger red blood cell population in
sickling patients. The higher ATPase activities in sickling
cells are related to the increased proportion of young red
blood cells in sickling patients®.

The cut off value for Na’, K'-ATPase activity is
0.005umol Pi/min showing 94% sensitivity and 93%
specificity for differentiation of abnormality.

Conclusion:

The variation in the erythrocyte membrane Na*, K'-AT-
Pase activity was modulated by the changes in the dif-
ferences resulting from hematological disorders. Based
on our results, we can suggest that the activity of Na',
K"-ATPase can be used as an indicator for diagnosis of
individuals with blood diseases.
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