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ABSTRACT

The activities of the membrane-bound ATPases (Na’", K'-ATPase: E. C. 3.6.1.37; Ca?"-ATPase: E.
C. 3.6.1.38, and Mg*'-ATPase: E. C. 3.6.1.3) were determined in erythrocytes obtained from HbAA, HbAS
and HbSS genotypes. For Na*, K'-ATPase and Ca?"-ATPase, the activity trend was HbAA > HbAS > HbSS
while for Mg?*-ATPase, the trend was HbSS > HbAS > HbAA. The aqueous extract of Garcinia kola seed
increased the activity of Na*, K*-ATPase and Ca®*-ATPase in the three genotypes with the trend of HbSS >
HbAS > HbAA. Phenylalanine, a known anti-sickling agent, showed similar activating effect as the extract.
in contrast, both the extract and phenylalanine decreased the activity of Mg -ATPase from all the
genotypes, showing the trend of HbSS > HLAS > HbAA. The three ATPases pbeyed Michaelis-Menten
kinetics. The apparent K., for the three different genotypes for ATP were similar for the ATPases with the
values of 5.62+0.02, 5.27+0.02 and 4.65+0.03 mM ATP-Na, for (Na’, K')- ; Ca%-: and- Mg*'-ATPases,
respectively. An activation constant of 0.317 g/mi of extract, for the Ca®*"-ATPase of HbSS erythrocyte was
obtained while the inhibition constant, K,, of the extract on Mg®-ATPase from HbSS erythrocyte by the
extract was 1.23 g/ml of extract. These findings are of significance to the suggested use of the aqueous
extract of G. kola seeds in ameliorating sickle cell crisis.
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INTRODUCTION

It has been reported that the erythrocyte
membrane contains three different adenosine
triphosphatases (ATPases) (Na'.K'; Ca*" and
Mg?") (Drickamer, 1975; lbeh et al, 1992). These
ion pumps act in the unidirectional -active
transport of ions, a process associated with a
major role in maintaining the stability of the
erythrocyte membrane (Kyte, 1971; Quist and
Roufogalis, 1975). There are suggestions that
pharmacological agents that alter membrane
permeability could be beneficial in the
management of sickling of erythrocytes, a major
manifestation in sickle cell disease (Dean and
Schechter, 1978). Indeed, several reports show
that agents that have anti-sickling properties tend
to stabilize the erythrocyte membrane (Noguchi
and Schechter, 1977; lwu-et al, 1985; Ekeke and
Shode, 1980).

In recent times, a number of plant
products have gained attention as sources of the
active principles in the management of sickle cell
disease. Agueous extracts of Cajanus cajan
showed promising returns as antisickling agent
(Ekeke and Shode, 1990). Recent studies on the

action of aqueous extract of G. kola (a popularly
consumed seed in Southern Nigeria, commonly
called ‘bitter kola’) on the osmotic fragility, blood.
viscosity and reversion of sodium metabisulphite-
induced sickling suggested positive effects
(Elekwa et al, 2002). The findings support the
view that the extract could be beneficial to
sicklers.

This report addresses the effect of the G.
kola seed extract on the three different membrane
ATPases (Na*, K'-: Ca®'-; and Mg**-ATPases) of
HbAA, HbAS and HbSS human erythrocytes. The
findings would further clarify the possible
potentials of the aqueous extract of G. kola in the
management of sickle cell disease.

MATERIALS AND METHODS

ATP-Na, was purchased from Riedel De
Haen, AG Germany, Heparin from Sigma
Chemical €0., USA, while other reagents weve of
the purest grades commercially available.

Blood collection
Sickle cell {(HbSS) blood samples were
collected from patients who came to the Sickle
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Table 1: Activity levels of the ditferent ATPases in erythrocyte merbrane

.. .preparations from HbAA, HbAS and HbSS blood. Data regr%spht: mean + SD of

L

L

.~ ;duplicate determinations.

, ,,j,(,“r‘)enotype Enzyme activity (umole Pi/mg protein/hour x 10°%)
| Na',K'-ATPase | Ca’'-ATPase Mg?'-ATPase
HbAA (n=10) 2745 +£2.1 17764+ 1.2 103.54+23
HbAS (n;'lO) 256.3 + 45 2572409 144.2+3.5
HbSS (n=10) 1326+ 1.3 293.6 + 3.1 2l6.1+1.6

Table 2a: Ettect of ditferent concentrations (w/v) of aqueous extract of G. kola seeds on

the activity of erythrocyte ‘ghost” membrane Na', K'-ATPase. Data represent

mean + SD of duplicate determinations.

Foncentration Enzyme activity (umole Pi/mg protein/hour x 10)
of extract (g/ml) HbAA (n=5) HbAS (n=5) HbSS (n=5)
0.00 (basal) 2745+ 2.1 256.3+4.5 1326+ 1.3
0.20 3102+15 279.8+3.8 2003+ 1.9
0.40 3498+09 3103 +4.1 2612+24
0.80 360:24+2.3 3301+ 1.5 2702+ 15
1.00 | 3602423 330.1+1.5 2757+18

Table 2b: Effect of different concentrations (w/v) of aqueous extract of G. kola seeds on

the activity of erythrocyte ‘ghost’ membrane Ca*"-ATPase. Data represent

mean + SD of duplicate determinations.

Concentration Enzyme activity (umole Pi/mg protein/hour x 107)
of extract (g/ml) HbAA (n=5) HbAS (n=5) HbSS (n=5)
0.00 (basal) 293.6 +3.1 257.2+0.9 1776 +1.2
0.20 350.1+ 18 300.1 + 1.3 2295+ 1.4
0.40 389.7+2.3 3498+ 2.5 2701 £ 1.5
0.80 4251+ 1.5 3802+ 1.7 3002+23
1.00 4303 +09 390.1+0.8 3053 £ 1.7
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Cell Clinics. of the Univérsity of Port Hatcourt
Teaching Hospital and the Urniversity of Nigeria
Teaching Hospital at Enugu. Other blood samples
came from donors who visited the Medical
Centers of the University of Port Harcourt and
University of Nigeria, Nsukka Campus. Blood
collection was done by veni-puncture into lithium
heparinized sterile tubes. The, samples were
genotyped using standard electrophoretic
procedure. Blood samples were stored at 4°C in
the refrigerator and used within 24 hours of
collection.

Preparation of G. kola seed aqueous extract
The G. kola seeds were purchased from a
market at Umuahia, Abia State and were properly
identified at the National Root Crops Research
Institute, Umudike in Abia State. After peeling the
testa, the white seeds were chopped into small
pieces and then air-dried. The dried, product was
homogenized with an electric blender. The coarse

product was soaked in distilled water (100 g/ 250°

mi) for 24 hours, and the mixture filtered through
a clean white cloth. The resultant solution was
further passed through Whatman No. 2 filter

paper.

Preparation of red cell ‘ghosts’

The erythrocyte ghosts from the different
genotypes (HbAA, HbLAS and HbSS) were
prepared according to the method of Hamlyn and
Duffy (1978). The whole blood in the heparinized
tube was centrifuged at 5, 000 g for 10 minutes.
The resultant precipitate was then washed with
0.15 M NaCl, pH 7.4 and re-centrifuged at 5,000
g for 10 minutes. This process was repeated
three times. The final precipitate, which contained
washed erythrocytes, was lysed by swirling in 5
mM NaH,P0,.2H,0 (pH 7.7), and centrifuged at
5,000g for 10 minutes. The resultant precipitate,
which contained the pink ghost, was washed with
10 mM Tris-HC! (pH 7.7). The final product was
suspended in 3 mi distilled water. The isolated
membranes were stored at 4°C and used within
12 hours of collection of blood samples.

Enzyme assays

The assay of the ATPases was performed
by the procedure of Hesketh et al {1978),
measuring the inorganic phosphate that was
released from ATP hydrolysis. The inorganic
phosphate was determined using the Fiske and
Subbarow (1925) procedure. Enzyme activities
wege expressed as umole' P/mg protein/hour x
107

Na“, K'-ATPase: This activity was
determined in a reaction mixture containing 0.5 ml
each of 0.35 M NaCi, 17.5 mM KCI, 21.0 mM

MgCIz, 10°'mM Tns-HCl (pH 7. 4)¢ and, 8: 0 mM

ATP-Na,. The reaction was initiated by.adding 0.2
ml of erythrocyte giost preparation and' hcubated.
at 37°C faor -1 “hour. The reaction “was then
terminated by the additien’ of 0.8 mi of ice-cold-
10% (wiv) /TCA. The resultant mixture was
allowed to stand for 20 minutes at 4°C_and then
centrifuged at 4, 000 g for 5 rhinutes. The
phosphate concentration was determined in 1 i
of the supernatant by addmg 1.0 ml of 2. 5%

ammonium’ molybdate. After 10 minutés, 1.0ml of

2% ascorbic acid was added and’ the mixture’ kept
for 20 minutes at room temperature for colour to-
develop. The absorbapce of thé final mixture was-
then read at 725 using SP 6-200
spectrophotometer.‘

Ca®-ATPase: The reaction, mixture
contained 0.5 ml each of 21 mM- Mg,Clz., 17.5 mbd
CaCl;, 10 mM Tris-HCI buffer (pH 7.4) and 8.0
mM ATP-Na,. The:teaction. was initiated by the
addition of 0.2 mjigrythrocyte. ghost prep%rahon
and further processed as reported for . Na* K'-
ATPase assay }

Mg*-ATPase; The reaction mixiure -
contained 0.5 mi sach of 21 mM MgCl,, 10 mM
Tris-HCI buffer (pH 7.4); and 8.0 mM ATP-N&,.
The reaction was started by adding 0.2°mi of
erythrocyte ghost and terminated as descnbed for

‘Na’*, K'-ATPase assay.

Protein determination

" The  protein concentrations  -wers
determined by the method of Lowry et al {1951}
using bovine serum albumin as standard

Kinetic studies of the ATPases

The activities of the different ATPases
were determined in the presence of varying
concentrations (between 2.0 to 14.0 mM) of
substrate, ATP-Na,. The concentration of
inorganic phosphate released was then measiired
as earlier indicated.

Effect of the aqueous extract on the activity of
the various erythrocyte ghosts

The reaction tubes, in addition to the
contents reported earlier lor the three ATPasc
assays, conlained 0.5 ml  of differem
concentrations (50g/50 ml, 80g/100 ml, 50g/250
ml, and 100g/250m] (w/v)) of the aqueotis extraci
of G. kola sceds. The reaction was then processed
as already detailed for No® k" ATPase.

RESULTS AND DISCUSSION
The level of activities of the different

erythrocyte membrane ATPases investigated ifi
this report are shown in Table 1. The HbSS
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membrane showed the lowest Na', K'-ATPase
activity but  highest Mg®-ATPase activity, a
finding that agrees withhe report of 1b&h and
Anosike (2000). However, our finding of the
highest Ca®-ATPase activity with HbSS
membrane is at variance with that of ibeh and
Anosike (2000), and the reason for this js not
rertain. Figure 1 shows the double reciprocal plot
of the initial velocity data for the three ATPases.
Na', K'-ATPase had similar apparent K, of
5.62+0.02 mM ATP-Na, for HbAA, FbAS and
HbSS erythrocyte membrane preparations. The
apparent maximum velogities (Vmaxsy,) were
rowever different. The values expressed in umole

-

P/mg proteinfhr x10° were: HbAA (476.13 *
1.20), HbAS (454.50 + 2.50) and HbSS (232.60 +
1.80). Thus, a lower apparent V,y,, was obtained
for the enzyme from HbSS erythrocyte
membprane.

The double-reciprocal plot for Ca®'-
ATPase activity is shown in Figure 2, which
indicates an apparent Ky of the three genotypes
as 5.27+0.04 mM ATP-Na,.” The apparent WV max
values were different with the following values:
HbAA (526.30 + 2.80), HbAS (454.50 + 6.10) and
HbSSS (344.80 + 3.50), in umole P/mg protein/hr x
107

~The results fof Mg*-ATPase of the

Table 2¢: Effect of different concentrations (w/v) of aqueous extract ot G. kola seeds on

the activity of erythrocyte ‘ghost” membrane Mg?'-ATPase. Data represent

mean + SD of duplicate determinations.

oncentration Enzyme activity (umole Pi/mg protein‘hour x 107)
of extract (g/ml) HbAA (n=5) HbAS (n=5) HbSS (n=5)
0.00 (basal) 103.5+23 1442 +3.5 216.1 +1.1
0.20 1023+ 1.8 143.1 + 31?.4 180.3+ 1.4
0.40 101.4 +2.1 140.5+2.38 1298+ 1.7
0.80 1002 +24 135.3 +1.8 1251+19
1.00 951415 1393+1.8 27574+ 1.8

Table 3a: Etfect of different concentrations (uM) of phenylalanine \"‘on ttie activity ot

erythrocyte ‘ghost” membrane Na', K'-ATPase. Data represernit mean + SD of

duplicate determinations.

Concentration ot - Enzyme activity (umole Pi/mg protein/hour x 107y

Phe (LM) HbAA (n=15) HbAS (n=35) ' HbSS*(n‘:S)
0.0 (basal) 2745+ 2.1 256.3 +45 ]32,_6; 1.3
200.0 2988 +15 2711.2+12 1853 + i.l
14}00.0 33],] +2.39 -293.1+15 2401+ 2.3
690.0 3498+ 1.5 3153+ 13 2485+ 08
800.0 3518+ 1.5 3103.x13 249.5+0.5

Phe = phenylalanine
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Table 3b: Hitect of ditterent concontrations (M) of phenyialanine on the activity of
erythrocvie ‘shost” membrans Ca®' -ATPase. Data represent mean + 8D of

duplicate determinaiions.

Concentration of Enzyme activity (umole Pi/mg proteinfhour x 107)
Phe (iM) HbAA (n=5) HbAS (n=5) HbSS (n=5)
0.0 (basal) 2956+ 3.1 257.2+0.9 1776+ 1.2
2000 3309+ 12 2854+ 3 1 3406
400.0 395017 3519+12 2831+ 1.2
600.0 416.3 +2 ‘3 3927+ 0.5 311.6+3.4
800.0 4191 +43 398.1 + 0.5 31e+3.1

Phe = phenylalanine

‘Table 3¢ Eifect of different concentrations (UM} of phenylalanine on the activity of
erythrocyie ‘ghost” membrane Mg®'-ATPase. Dala represent mean -+ SD of

duplicate determinations.

stiects of the exlracts o v iha

Foncemraticm of Enzyme activity (pmoie Pi/mg frotein/hour x 107 %
Phe (M) HbAA (n=5) H’bAS (n=5) HbSS (1=5)
0.0 (basal) | 10354723 1442 + 3.5 2161 + 1.6
200.0 953+ 1.5 139.1 + 1.5 191.5+058
400.G 812+ 1.6 1306 +2.4 1321419
600.0 5.5+ 0.6 235413 1278+ 0.3
800.0 83(59 +0.5 1238+13 §23.1 4+ 1.5

different
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apparent Km f“‘ this enzyme was
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Divon plots (not
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show that the
5 465 + ')Q\, b
obtained for
studied,
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The

M ABE

4.80.

studied. An &cﬁwi f;m constant of G
extract, for the Ca®
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"-ATPase of HbSS eryihrocyle

was obtained while the inhibition constant, K, of
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extract.
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Figure 1: Double-reciprocal plot for Na’, K'-ATPase ac’irivit;r from HbAA, HbAS and
HbSS erythrocyte ‘ghost” membranes (enzyme activity expressed as pmole Pi/mg
protein‘hour x 10™*). Data represent mean * SD of duplicate determin&tions.
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Figure 2: Double-reciprocal pjot for Ca**-ATPase activity from HbAA, HbAS and .
‘ Hbss erythrocyte ‘ghost’ membranes (enzyme fictivity expressed asﬁmole 'Pi/m'g
protein/hour x 10'3). Data represent mean + SD of duplicate determinations.
T e HbAA; 0-O, HbAS; ©-8,HbSS] -
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Figure 3: Double-reciprocal plot tor Mg®'-ATPase activity from HbAA, HbAS and

HbSS erythrocyte ‘ghost’ membranes {enzyme activity expressed as pmole i/mg

protein/hour x 107%). Data represent mean + SD of duplicate determinations.
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erythrocyte membrane when compared with the
HbAA erythrocyte (Bewaji et al, 1985; theh et al,
1992). It had been suggested that the intrinsic
effect of low intracellular K* could account for the
low Na', K'-ATPase in HbSS erythrecyte
(Friedman et al, 1979), while Kawai and Cowger
(1981) attributed the low Na", K'-ATPase of

HbSS erythrocyte to an increase in blood
bilirubin.

The active extrusion of Ca*" from the cell
is ascribed to the membtane-bound Ca*"-ATPase
activity. Eaton et al (1973) reported a higher
concentration of intracellular Ca®" in HbSS
erythrocytes over HbAA erythrocytes, a finding
suggested to be due to impaired Ca*’- pump
(Bookchin and Lew, 1980). Our findings in this
study agree with other reports ‘that show a low
Ca*-ATPase activity in HbSS compared to HbAA
erythrocytes  (Gopinath and  Vincenzi, 1979,

" Bookchin and Lew, 1980: lbeh et al 1992). The
high Mg*"-ATPase activity of NbSS erythrocyte
membrane in comparison with HbAA erythrocyte
in this report is in agreement with other studies
(Niggli et al, 1982; Bewaji et al, 1985; Ibeh et al,
1992).

The aqueous extract of G. kola seeds, at
0.4 mg/m| had activating effect on Na”*, K'- and
Ca?’-ATPase activities for the three genotypes
(Tables 2a and 2b). For Na’ K'-ATPase,
percentage activations of 27, 21 and 97 were
obtained for HbAA, HbAS and HbSS erythrocyte
membrane  preparations, respectively.  The
percentage activations for Ca*'-ATPase were 36,
35, and 52 for HbAA, HbLAS and HbSS
erythrocytes,  respectively.  Conversely, an
inhibitory effect by the extract at 0.4 mg/ml, was
observed for Mg?"-ATPase activity (Table 2c).
Percentage inhibitions of 2, 3 and 40 were
obtained  for  HbAA, HBAS and HbSS
erythrocytes, respectively.

Phenylalanine, a known antisickling agent
(Ekeke and Shode, 1990), had an activating
effect on Na', K'- and Ca”-ATPases but inhibited
Mg”"-ATPase from the three genotypes (Tables
3a, 3b and 3c). These trends are similar to those
observed with the aqueous extract of G. kola
seeds. These findings in this report support the
view that this exfract holds great promise as an
antisickling agent, ahd has potential for the
management of sickle cell disease.
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