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A cross sectional study was carried out to investigate the osmotic fragility and Na‘’-K* ATPase activity of the
erythrocytes of HIV/AIDS patients. Whole blood was taken from subjects at the Human Virology Laboratory of the
Nigerian Institute of Medical Research. Subjects were judged suitable for the various investigations by means of a
questionnaire. The Genie II HIV diagnostic kit was used to confirm HIV positive status. HIV positive subjects were
grouped into two: those receiving anti-retroviral therapy were referred to as the ARV group and those not receiving
antiretroviral therapy were designated as non-ARV group. Each group was further sub-divided according to the
Centers for Disease Control 1993 classification of HIV disease. HIV negative subjects must have tested no later than
two months to the sample collection date and must not lead a high-risk lifestyle. Twenty microliters of whole blood
were used for the erythrocytes osmotic fragility assay. One milliliter of whole blood was used to prepare ‘the
erythrocyte ghost membrane for the Na*-K* ATPase activity assay. The two HIV positive groups showed significant
increase in percentage haemolysis under osmotic stress at 0.65% saline. The ARV group had an average percentage
haemolysis of 2.56 + 0.81% while the non-ARV group had an average of 3.19 + 1.11% compared to an average of 0.83
+ 0.36% for the control group (p < 0.05). A pattern observed in the result was an increase in activity with increasing
severity of the HIV/AIDS disease. Data from the present study indicate that the osmotic fragility of erythrocytes
was significantly potentiated, while Na‘-K* ATPase activity was not significantly altered (p < 0.05) in HIV/AIDS
disease.
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INTRODUCTION

Symptomatology of HIV/AIDS is very
diverse. However, anaemia is one of the most
universal clinical symptoms of the disease (1).
The aetiology of anaemia in HIV disease has
been extensively researched primarily from the
physiological and phar§nacological angles
{2,3,4). Malnutrition in HIV/AIDS has also
been widely reported (5,6). Biochemicalily,
metallic cofactors and coenzymes obtained
through the diet are critical to the proper
functioning and integrity of the native
conformations of biomolecules. Nutrient
deficigncies can result in disruption of
supramoleculaj' structures like t;iomembranes.
We therefore :dec'ided to investigate the osmotic
fragility of 'kerythrocytes of HIV/AIDS patients.

However, since the Na*-K* ATPase is the major

transmembrane pump involved in regulating
osmosis in the cell, we considered it pertinent
to determine its activity in the erythrocytes of
HIV/AIDS patients.
SUBJECTS AND METHODS
Study design

This was a cross sectional study
involving 67 HIV seropositive subjects
recruited and confirmed positive at the
Nigerian Institute of Medical Research (NIMR),
Human Virology laboratory in Lagos, Nigeria.
Ten HIV seronegative subjects served as the
control group. The subjects were
representative of the geo-political, ethnic,
economic, religious and education diversity of
Nigeria. The purpose of the study was clearly

explained to them. Consent was obtained and
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counseling given before blood samples were
taken. Participants who were on multivitamins
or prolonged non-AIDS related treatment were
excluded from the stuély. The age range was
between 20.and 60 years. The HIV positive

group was sub-divided into those who were on

~antifetroviral “thérapy '(ARV) at the Institute

and those who had not ¢commenced any form
of antiretroviral therapy (non-ARV).
The HIV disease-stage classification

was according to the Centers for Disease

Control revised 1993 classification -for HIV

1nfect10n among adolescents and adults (7).

Subjects were deemed unsuitable for the study

if thcy were on mineral supplements and/ or-

c%f,&iéq glycosides. Some minerals have been
re%fdi‘ted to revefse:’ osmotic fragility in
erythrocytes = and car&liac glycosides are
specific inhibitors of Na*-K* ATPase activity
(8,9).
Blood collection
Blood samples were collected between

08:30h and 09:30h daily. Six milliliters of
blood were collected by venous puncture into
potass1um EDTA bottles. Four ml were
ahquoted for CD4* T:lymphocyte count within
6h of collectlon 1 ml for erythrocyte ghost
membr%ééi__pregarggggn while the remaining 1
ml waé ﬁ;ed for” @smotic fragility assay. All
tests were conducted on the day of collection.
Two ml of blood were taken from the control
subjéct since CD4* counts were not conducted
on them.
HIV confirmation

: Subjects were screened for HIV status
at various centers ogitside thé Institute but
confirmation was done at the Virology
Laboratory with the Genie II HIV confirmation
kit. CD4* counts weré performed with the

Dynabeads method.

. o ‘Erythrocyte

Osmotic fragility assay

Osmotic fragility of the erythrocytes
was determined by the method of March et al
(10). Saline solution of concentrations 0.85%,
0.65%, 0.35%, and 0.10% were prepared. To

) each dilutic;n series, 20 uL of freshly collected
blood was added and all the tubes were

shaken gently. They were incubated at 37°C
for. two
centrifuged at 3,000 rpm in a refrigerated desk

hours after which they were

absorbance of the
583nm.The

absorbance obtained at 0.85% was subtracted

centrifuge and the

supernatant measured at

from ’:fabsoijance at the other concentrations.

The result at each concentration was then
expressed as a percentage of the highest
absorbance. This represents the degree of
haemolysis. “
! Ghost Membrane (EGM)
lfféparatibn

ot One ml of freshly collected whole blood
was used for the EGM preparation. The whole
blood was centrifuged at 3,000 rpm for 10
minutes. The plasma was removed to obtain
the packed erythrocytes. The erythrocytes
were washed twice in five times volume of
isotonic buffer at 4,200 rpm for 20 minutes.
The supern'atarAlt was deécanted and the
pelleted cells haémolysed in five times volume
of hypotonic buffer and centrifuged at 4,200

rpm for 20 minutes. This was repeated four

"times and the supernatant decanted each

time. The pink ghost was then washed five
times 'in four times volume of washing buffer
at 4200 rpm for 20 minutes each. The
supernatants were decanted. The entire
washing procéss was done in Jouan CR3i

refrigerated centrifuge at 4°C.
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Determination of Na* -K* ATPase Activity

Na*-K* ATPase activity was determined
by a modification of the method of Bowler and
tirri (11). It was calculated as the difference
between total ATPase activity and Quabain-
inhibited activity. Total ATPase activity was
assayed in an incubation medium consisting
of 50mM Tris-HCI (pH 7.4), 120mM NaCl,
20mM KCI, 4mM MgCl;, 240mM sucrose,
1mM EDTA and 3mM disodium ATP. 50 pL of
EGM suspension were aliquoted into two tubes
labeled 1 and 2. 100.uL of.incubation medium
were also added to each tube but 100 pL of
1mM Quabain solution was added to tube 2
only. The reaction mixtures were incubated at
379C for 20 minutes. They were stopped by
adding 100 pL of 1% SDS.
Assay for Inorganic Phosphate

Inorganic phosphate produced from the
hydrolysis of ATP by ATPase was assayeéd by
the method of Fiske-Subbarow (12). 2.5%
ammonium molybdate in 0.9M H,; SO4 was
added to the EGM reaction mixture after it was
stopped. To each tube was added 1 ml of
ammonium molybdate and 9% ascorbate. The
blue color that developed was read
spectrophotomé&ically at 640nm.
Determination of Protein Concentration

The protein concentration of the EGM
was determined according to Lowry et al (13),
using bovine serum albumin as standard
protein.
Statistical Analysis

~Data obtained were analyzed by two-

tailed Student’s t-test (14). A p-value of < 0.05
was considered statistically significant.
Calculations were done using Microsoft Excel
2000 statistical tools.

RESULTS

Sixty-seven HIV positive subjects were
recruited for this study. During the process of
HIV confirmatory tests, 2 subjects were found
to be HIV negative and were screened out but
one of them joined the control group. Also
screened out were 9 subjects who were on
cardiac glycosides (6 subjects)] and mineral
supplements (3 subjects). The remaining HIV
positive subjects were grouped either as ARV
(35 subjects} or non-ARV (21 subjects). At
0.65% hypotonic saline concentration, the
erythrocytes of the non-ARV and ARV groups
were found to have higher percentages of
haemolysis than the control group (Table 1).
Both groups showed statistically significant

... results (p<0.095).

The Na*-K* ATPase activities for the
non-ARV and ARV groups were higher than
the activity of the control group (Table 2). The
difference was however not statistically
significant (p<0.05). On detailed investigation,
the Na* -K* ATPase of non-ARV and ARV
subjects with CD4* T-lymphocyte couht of less
than 200 cells/uL of blood showed higher
activity than subjects with CD4* count of
between 200-499 cells/uL (Table 3).
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TABLE 1
Degree of Heinolysis of Erythrocytes of HIV-Negative (Control), Non-ARV,

and ARV HIV/AIDS Patient in 0.65% Saline Solution!

Subject Percent Hemolysis n

Control 0.8310.36 10
Non-ARV 3.19+1.11 21
ARV 2.56+0.81 35

1Value represent mean + standard error of mean

Control = HIV negative subjects

Non-ARV = HIV positive patients not on antiretroviral therapy
ARV = HIV positive patients on antiretroviral therapy

n = number of subjects, p<0.05 5

THBLE 3
Na* - K* ATPase Activity of ARV, Non-ARV, and HIV Negative Subjects

Subject Na* - K* ATPase Activity

(nmol Pi/h/mg protein) n
Control 2.22+0.81 10
Non-ARV . .| 3.01+0.52 21
ARV 3.69+0.58 35

1Value represent mean + standard error of mean

Control = HIV negative subjects

Non-ARV = HIV positive patients not on antiretroviral therapy
ARV = HIV positive patients on antiretroviral therapy
.n = number of subjects, p<0.05

TABLE 3
Na* - K* ATPase Activity of ARV and ARV subjects based on CD4* Count Classification!

CD4+ Cell Count Non-ARV
(cells/pl) _ _n
<200 3.3810.79 3.9911.16
200 499 2.5810.71 3.7310.84
> 500 ] y

1Value represent mean + standard error of mean, expressed as nMol Pi/ h/ mg protein
a Three of ARV subjects did not have CD4+ count-done

B There was no subject in this category

vy There was only one subject hence no statistical analysis could be done
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DISCUSSION

The erythrocytes of the two groups of
HIV positive subjects in this study showed
significant susceptibility to osmotic stress.
Those who had not commenced any form of
antiretroviral treatment (the non-ARV group)
had a greater degree of erythrocytes fragility
than the group on antiretroviral drugs (the
ARV group). Osmgtic fragility had been
associated with lower concentration of protein
sulfhydryls in erythrocyte ghost membranes
(8). Xia et al suggested in their report that an
important function of zinc is to protect
cysteine residues in critical plasma membrane
proteins frfom auto-oxidation. Auto-oxidation
of the cysteine residues will ultimately lead to
a significant conformational change in these
proteins, which may in turn cause structural
fragility of the plasma membrane.

Micronutrient deficiency has been
reported in AIDS patients (5). The deficient
micronutrients include zinc, vitamin A, iron,
iodine, and trace elements (6). These nutrients
are essential as cofactors for the proper
functioning and structural integrity of various
biomolecules, especially proteins. Some act as
antioxidants. Deficiency in a  critical
micronutrient can completely upset the
homeostatic functioning of a cell or the entire
~organism. This deficiency could be due to
reduced intake, increased utilization (15} or
urinary excretion (16, 17). The report that
reduced micronutrient intake may lead to
nutritional deficiency lends credence to
osmotic fragility of erythrocytes observed in
the HIV positive subjects. Anorexia, nausea,
vomiting, and diarrhea are conditions that can
result in reduced nutrient intake, which leads

to. malnutrition. These secondary symptoms

have been observed and reported in acute and
late stage HIV disease (1).

It may seem surprising that patients
who are undergoing antiretroviral therapy, and
are showing significant improvement in health,
should also be significantly susceptible to
osmotic stress. These patients may have
osmotically fragile cells also as a result of
micronutrient deficiency. Stephensen et al (16)
and Jordao et al (17) reported that deficiency
might occur in HIV/AIDS as a résult of
increased urinary excretion. Antiretroviral
therapy involves a cocktail of drugs taken
under a strict regimen. In an attempt to
detoxify and/or metabolize these drugs, the
liver increases their water solubility (18).
Ultimately there is an increase in urine
production and a depletory loss of vital water-
soluble nutrients like metallic ions may occur.
The patients may therefore suffer from
conditions like anemia. Zidovudine (AZT)
therapy has been reported to be the
commonest cause of anemia in HIV-infected
persons (1, 4). This supports our findings of
possibility of anemia in patients on
antiretroviral therapy. Whereas previous
reports have attributed this condition. to
marrow erythroid hypoplasia, aplasia, and
megaloblastic maturation {19}, we believe that
from the present data and cited literatures,
osmotic fragility resulting from micronutrient
deficiency, is critical to the development of
anemia in patients on antiretroviral therapy.

Na* -K* ATPase activities of the
erythrocytes were found to be increased in
non-ARV and ARV HIV positive patients
compared to HIV negative patients, though
they were not statistically significant in the
present study. The increased activities may be

a consequence of the osmotic fragility of the
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plasma membrane of the erythrocytes above.
The Na*-K* ATPase pump is the primary
mechanism by which the cell prevents lysis
from osmotic stress (20). The activity of the
pump increases when the cell is threatened by
plasmolysis. The pump performs a continual
surveillance role in maintaining normal cell
volume. To obtain a detailed insight into these
findings, the Na*-K* ATPase activities were
further analyzed based on the disease stage of
the subjects. The criterion used for disease
stage classification was the Centers for
Disease = Control (CDC) revised 1993
classification of HIV disease. The Na*-K*
ATPase activities increased with the degree of
severity of the disease as measured by the
CD4* counts. For both the ARV and non-ARV
group, the average Na*-K* ATPase activity of
those with CD4* counts of less than 200
cells/uL. of blood was higher than those with
CD4* counts of between 200-499 cells.
Further, the activity of the ATPase in the two
CD4* count classification (200-499 and less
than 200 cells/ul) were higher for the
untreated HIV/AIDS subjects (non-ARV) than
the treated subjects (ARV). Data showed that
the Na*-K* ATPase activity of HIV/AIDS
subjects was slightly elevated with increased
severity of the disease. This corroborates the
preceding finding that the erythrocytes of
HIV/AIDS persons are highly susceptible to
osmotic stress and greater so when the disease
is left untreated. The plasma membrane
becomes highly porous to trans-membrane
cationic movement with cations such as Nat
and K+ moving down their concentration
gradients. In an attempt to reverse the
resultant hypernatria of the intracellular

fluids, the Na*-K* ATPase activity is increased.

In conclusion, data obtained from the
present study indicate that osmotic fragility of
erythrocytes is significantly increased in HIV
disease. The Na*-K* ATPase activity of the
erythrocytes is only marginally increased in an
attempt by the cells to reverse the deleterious
effects of osmotic fragility in HIV/AIDS

disease.

ACKNOWLEDGEMENT

The authors are grateful to all the
HIV/AIDS patients and control subjects who
were used for this study. We appreciate the
support and cooperation of Nigeria Institute of
Medical Research, Yaba, Lagos, Nigeria, for the

use of their Human Virology Laboratory.

REFERENCES

1. Cohen PT, Sande MA, Volberding PA, et al.
The AIDS Knowledge Base. Second Edition.
Little Brown and Company, 1994: 5-13.

2. Zon LI, Groopman JE. Haematologic
manifestations of the human
immunodeficiency virus (HIV). Semin
Haematol. 1998; 25: 208-218

3. Spivak JL, Barnes DC, Fuchs'E, Quinn TC.
Serum immunoreactive erythropoietin in
HiV-infected patients. JAMA. 1989; 261:
3104-3107

4. Richman DD, Fischl MA, Grieco MH, et al.
The toxicity of azidothymidine (AZT) in the
treatment of patients with AIDS and AIDS-
related complex. A double- placebo-
controlled trial. N. Engl. J. Med. 1987; 317:

192-197

5. Chandra RK. Vitamins and
immunomodulation in AIDS. Nutrition.
1996; 12: 1-7

6. Kafwembe EM, Kelly P, Ngalande P. Vitamin

A Levels In HIV/AIDS. Fast Afr. Med. J.
2001; 78: 451-453.

7. Centers for Disease Control. 1993 revised
classification system for HIV infection and
expanded surveillance case definition for
AIDS among adolescents and adults.
MMWR Morb. Mortal Wkly Rep. 1992; 41:
RR-17.

153...&



10.

11.

12.

.
W

Xia J, Browning JD, O’Dell BL. Decreased
plasma membrane thiol concentration s
associated with increased osmotic fragility
of erythrocytes in zinc-deficient rats. J.
Nutr. 1999; 129: 814-819

Akera T, Brody TM. The role of Na*-K*
ATPase in the inotropic action of digitalis.
Pharmacol. Rev. 1978; 299 (3): 187-211.

March EE, Coates V, Blely J. Effects of
thyroid activity on erythrocyte fragility in
children. Canadian J. Physiol. Pharmacol.
1976; 44: 295

Bowler K, Tirri R. The temperature
characteristics of synaptic membrane
ATPases from immature and adult rat
brain. J. Neurochem. 1974; 23: 611-613

Fiske-Subbarow. In: Jayaraman J (ed).
Laboratory Manual In Biochemistry. Wiley
Eastern Limited. New Delhi, India. 1992:
40-56.

Lowry OH, Rosebrough NJ, Farry AL,
Randall RJ. Protein measurement with the
folin-phenol reagent. J. Biol. Chem. 1951;
193: 265-275

14.

15.

16.

17.

18.

19.

20.

154...&

Snedecor GW, Cochran WG. Statistical
Methods. Sixth Edition. Iowa State Univ.
Press. Ames, Iowa, USA, 1969: 260-296.

Thurnham DI, Singkamani R. The acute
phase response and vitamin A status in
malaria. Trans. Roy. Soc. Trop. Med. 1991;
85: 194-199.

Stephensen CB, Alvarez JO, Kohtzu J, et al.
Vitamin A excretion in the urine during
acute infection. Amer. J. Clin. Nutr. 1994,
60: 388-392

Jordao AA, Silveira S, Figueriredo JF, et al.
Urinary excretion and plasma vitamin E
levels in patients with AIDS. Nutrition.
1998; 14: 423-426

Rang HP, Dale MM, Ritter JM.
Pharmacology. Third Edition. Churchill
Livingstone, New York. 1996; 795

Walker RE, Parker RI, Kovacs JA, et 4l
Anemia and erythropoiesis in patients with
the acquired immunodeficiency syndrome
and Kaposi sarcoma treated with
zidovudine. Ann. Intern. Med. 1998; 108:
372-376.

Byrne JH, Schultz 8G. An Introduction To
Membrane Transport And Bioelectricity.
Second Edition, Raven Press. 1994: 59,



