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ABSTRACT

This study looked at the profile of plasma extracellular superoxide dismutase (SOD3) activity, malo-
ndialdehyde (MDA) vis-a-vis that of CD4 counts in human immunodeficiency virus subjects in Kano State,
Nigeria. The subjects for this study comprised twenty (20) non-HIV infected volunteers as control and one
hundred (100) HIV infected subjects. Forty nine (49) infected patients have not been on treatment, while
fifty one (51) were at various stages of treatment. There was a negative correlation between the serum malo-
ndialdehyde concentration and CD4 count (Pearson r=-0.68, p<0.01). There was also a negative correlation
between serum malondialdehyde concentration and extracellular superoxide dismutase activity ((Pearson
r=-0.71, p<0.01) and Vitamin A concentration (Pearson r=-0.75; p<0.01). Conversely a positive correlation
was observed between the CD4 counts in HIV infected patients and activity of extracellular superoxide dis-
mutase (Pearson r=0.86, p<0.01). Similarly there was a positive correlation between CD4 count and serum
vitamin A concentration (Pearson r=0.89, p<0.01). The possibility remains for using these indicators to
monitor HIV patients not eligible for therapy in resource constrained facilities of our rural areas. (/nt J
Biomed Sci 2010; 6 (4): 294-300)
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INTRODUCTION

Human Immunodeficiency Virus (HIV) Infection in-
duces a wide array of immunological alterations result-
ing in a slow but progressive development of opportunis-
tic infections and malignancy, culminating in a disease
condition known as acquired immunodeficient syndrome
(AIDS) due the collapse of the immune system (1). The
mechanism contributing to this progression is thought to
be oxidative stress induced by the production of reactive
oxygen species (ROS), which plays a critical role in the
stimulation of HIV replication and the development of im-
munodeficiency (2, 3).
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Reactive oxygen species activate the nuclear transcrip-
tion factor NF-Kp, which is obligatory transcriptional fac-
tor for HIV replication (4). This in turns leads to increased
viral replication in the CD, T-cells. Thus, the progressive
loss of CD, lymphocytes in HIV-infected patients may be
related to an oxidative stress induced apoptosis (5).

Estimation of products of ROS such as superoxide
anion and peroxidation represents some of the means of
determining oxidative stress. Polyunsaturated fatty ac-
ids, which are major components of cell membranes, are
targets of free radicals attack, producing lipid peroxida-
tion products like malondialdehyde (MDA), and 4-hy-
droxynonenal (2, 3, 6). Under normal circumstances, the
body is protected from such damage by a careful balance
between pro-oxidants and antioxidants. The antioxidant
system consists of enzymes such as superoxide dismutase,
glutathione peroxidase, catalase; and scavenging small
molecules endogenously produced such as reduced gluta-
thione (GSH), and those exogenously taken such as vita-
min C and vitamin E (7).

Several lines of evidence suggest that HI'V infected
patients are under chronic oxidative stress. Oxidative
stress occurs in HIV infection even at the early stages of
disease (8). This pro-oxidant state is a result of an imbal-
ance between the generation of reactive oxygen and the
antioxidant system, which is responsible for scavenging
these oxidants and ensuring little or no interaction with
cellular (8).

Antiretroviral treatment was embarked in Nigeria as a
self sponsored program in 1990s, available to only those
who could afford. Subsequently government intervention
became evident in 2002, with the ambition of providing
drug to 10,000 adult and 5,000 children within a year at
the cost of $7 per person (9). Large turnout of patients for
enrolment in 2004 was a major setback of the program due
to lack of commensurate financial commitment for pa-
tients’ treatment with antiretroviral drug (9). Out of the 2.7
million HIV patients in Nigeria, 550,000 were eligible for
antiretroviral treatment in 2006. Participation by foreign
donors such as the U.S. President’s Emergency Plan for
AIDS Relief (PEPFAR), the Global Fund and the World
Bank (10) has assisted greatly to increase the treatment
coverage from 81,000 people (15% of those in need) to
198,000 (26%) by the end of 2007. Since success for the
management of HIV disease is not only achieved through
provision of drugs, but also constant laboratory monitor-
ing among other things, it is thought possible that simple
biochemical analysis can be adopted in the resource con-
strained health laboratory facilities in monitoring the con-
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dition of these patients who could not have access to so-
phisticated facilities in the tertiary health institution. This
has become necessary in view of the fact that the financial
brunt of the monitoring is borne entirely by the patients.
The gross national income per capita (11) of an average
Nigerian is $1940 in 2008. Hence the majority of the pa-
tients could not pay for the monitoring test because of the
competing demands of other social service for the meager
resource. This work looks at the potential of using antioxi-
dant enzymes and product of lipid peroxidation as surro-
gate markers of immunological failure, in order to provide
a cheap and affordable means of providing monitoring
service in resource constrained facilities in the secondary
health centers.

MATERIAL AND METHODS

All chemicals were purchased form Sigma Aldrich
USA unless otherwise stated.

Ethical approval and informed consent

This study was conducted according to the guidelines
laid down in the Declaration of Helsinki (12) and all pro-
cedures involving human subjects/patients were approved
by AMINU KANO Teaching Hospital ethical committee,
Kano State, Nigeria, where the research was conducted.
Similarly, both written and oral informed consent from
the subjects recruited for the research was sought before
samples were collected.

Subjects

Forty-Nine HIV infected patients who have not been
placed on Anti retroviral therapy and fifty one HIV infect-
ed patients who are receiving anti retroviral therapy were
recruited for the study. Twenty HIV negative volunteers
were included as control.

Blood Collection

Five milliters (5 cm®) of blood sample was collected
into EDTA vacutainer tubes from the subject, attending
Prof. S. S. Wali centre of Human Virology, Aminu Kano
Teaching Hospital, Kano, Nigeria. The whole blood was
used to determine CD, count, while the remaining sample
was centrifuge to obtain the plasma at 300 rpm for 5 min-
ute. The plasma in sample bottle was wrapped with Alu-
minum foil and kept at -80°C before analysis.

Determination of CD, count level: the CD, count was
determined by flow cytometry technique, using CyFlow
Counter machine (PARTEC, GmbH, Germany).
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Determination of Serum Vitamin A Level: The
method of Carr-Price (13) was used to determine Vitamin
A. retinoyl acetate obtained from Sigma (St Lious USA)
was used to construct a calibration curve. This was car-
ried out according to the method of Carr and Price (1926).
To a stoppered centrifuge tube, 0.5 cm?® plasma was added
followed by the addition of 0.5 cm® ethanolic potassium
hydroxide (containing 1 M potassium hydroxide and 90%
absolute ethanol) to precipitate protein. Light petroleum
3.0 cm® of petroleum ether was added and shaken vigor-
ously for 10 min, then centrifuged at a low speed (1000
rpm) for about 1 min. 3.0 cm? of petroleum ether layer was
pipitted into a 10 cm? test-tube and evaporated to dryness
at 60°C in a water bath with the addition of 0.1 cm? acetic
anhydride to remove traces of water. 1 cm?® of chloroform
was added to the residue, followed by the addition of 3
cm?® of antimony trichloride (250 g/L in chloroform). The
colour developed rapidly reaching a clearly defined maxi-
mum in 5 to 15 seconds and faded quickly. The spectro-
photometer was set to zero and reading taken immediately
at 620 nm.

Blank was prepared by pipetting 1 cm?® of chloroform,
0.1 cm? acetic anhydride, followed by the addition of 3 cm?
of antimony trichloride (250 g/L in chloroform).

Vitamin A. Vitamin A as Retinoyl palmitate 1,600,000
usp units per gram purchased from sigma was used to
construct a calibration curve. Both working and standard
solutions were prepared in absolute ethanol. The standards
were treated as test samples. Beckman coulter DU 720
UV/Vis Sepectrophotometer was used to measure absor-
bance at 620 nm.

Determination of Plasma Malondialdehyde (MDA)

Plasma malondialdehyde was measured by the method
of Ohakawa et al. (14). Lipid peroxidation generate perox-
ide intermediates which upon cleavage release MDA, a
product which reacts with Thiobarbitutic Acid (TBA). The
product of the reaction is coloured complex, which absorbs
light at 532nm

Methods: 0.20 cm? plasma was put in a test tube con-
taining 3.0 cm?® of glacial acetic acid to which 3.0 cm?® of
1% TBA in 2% NaOH was added. The mixture was placed
in boiling water for 15min, allowed to cool and the absor-
bance of the pink coloured product was read at 532 nm.
Calibration curve was constructed using malondialdehyde
tetrabutylammonium salt obtained from Sigma (St Lious
USA).

Extracellular Superoxide Dismutase (ESOD): The
method of McCord and Fridrich (15) was employed to de-
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termine ESOD. The assay protocol consists of two com-
ponents: superoxide generator and superoxide detector.
The generator produces the radical at a controlled rate.
Superoxide ion was generated by bubbling oxygen in a
solution containing Flavine adenine dinucleotide (FAD)
and Ethylene diaminetetraacetatic (EDTA). EDTA do-
nates electron to FAD, which in turns donates to molecu-
lar oxygen to produce superoxide radical (generator). Ni-
troblue tetrazolium salt acts as a scavenger for the free
radical (detector).

Superoxide generator

EDTA + FAD — EDTA:" + FAD

FAD +0,—FAD+O;

Superoxide Acceptor

O, + Nitroblue tetrazolium salt (NB; yellow) — O, +
NBT (purple)

4H + 0y =23 H,0,

In the absence of SOD, the radical reacts with the de-
tector. In the event that SOD is present, it competes with
the detector for superoxide radical.

Stock solution preparation

All stock solutions were prepared in S0mM potassium
phosphate pH7.8.

1. Nitroblue tetrazolium salt (NBT) 1 x 10°*M

2. Flavine adenine dinucleotide (FAD) 5.56 x 10° M
and EDTA 0.11 mM (Prepared together for test and refe-
rence standard), 5.56 x 10~ moles of oxygen was bubbled
into the the combined solution of FAD and EDTA. Oxygen
was prepared by the decomposition of 0.038g of Potassium
trioxo chlorate (V) in the presence of 0.01g of Manganese
(IV) dioxide as a catalyst).

3. Flavine adenine dinucleotide (FAD) 5.56 x 10° M
(without EDTA for blank)

Experimental Procedure

Blank: 50 pl of 50 mM potassium phosphate pH7.8,
was added to 900 pl of 5.56 x 10> M FAD (without EDTA)
and 50 pl of 1 x 10° M NBT to give a final concentration
of 5.0 x 10° M FAD and 5.0 x 10° M NBT.

Reference Standard

50 pl of 50 mM potassium phosphate pH7.8, was added
to 900 pl of 5.56 x 10° M FAD (with EDTA containing
bubbled oxygen) and 50 pl of 1 x 10° M NBT to give a final
concentration of 5.0 x 10° M FAD and 5.0 x 10° M NBT.

The blank was used to set double beam spectropho-
tomer to zero and change in absorbance at 550 nm was
recorded.
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Test

Graduated volume of the sample was added to give 50
pl with 50 mM potassium phosphate pH7.8 Then 900 pl
of 5.56 x 10° M FAD (with EDTA containing bubbled
oxygen) and 50 pl of 1 x 10° M NBT were to give a
final concentration of 5.0 x 10° M FAD and 5.0 x 10° M
NBT. The blank was used to set double beam spectropho-
tometer to zero and change in absorbance at 550 nm was
recorded. Amount of enzyme protein to inhibite the re-
action between NBT and superoxide radical by 50% was
determined. Activity per mg protein of ESOD was then
calculated.

DEFINITION OF A UNIT: A unit is defined as the
quantity of SOD required to inhibit reaction between O,
and NBT by 50%.

Protein estimation

Estimation of protein concentration was carried out by
the method of Bradford (16). Bradford reagent for protein
determination was prepared by dissolving 100mg of Coo-
massie Brilliant Blue in 50 ml of 95% ecthanol, 100ml of
85% phosphoric acid and made up to a litre with distilled
water. The reaction was initiated by adding 8 pul of sample
to 320 ul of Bradford reagent and 30 ul of distilled water,
protein concentrations were determined from a calibration

curve using Bovine Serum Albumin (BSA) as standard by
measuring the absorbance at 595 nm after 10mins incuba-
tion at 30°C.

Statistical Analysis

Data are expressed as mean + SD. In preliminary
analyses, we used one-way analysis of variance (ANOVA)
(SSPS 14.2 software) for continuous variables, to compare
data from the three groups analyzed. Statistical signifi-
cance levels of at least P<0.05 were used for all tests.

RESULTS

CD, counts

Tables 1 and 2 show the multivariate analysis using
ANOVA of biochemical indices in comparison to CD, sta-
tus of the subjects studied. The F values for MDA, vitamin
A and ESOD were 43.16, 40.88 and 101.60 respectively
(p<0.0001).

Lipid Peroxidation Products (MDA)

The Plasma levels of MDA expressed as umol/L are
shown in Table 1. There was a significant reduction in Plas-
ma MDA in patients with CD, between 200-400 cells/mm’
on treatment compared with CD, below 200 cells/ mm’

Table 1. CD, count status and serum levels of extracellular superoxide dismutase enzyme,
Vitamin A and Malondialdehyde in HIV patients

Control
CD, Number MDA (uM)
1146 + 338 (600-) 20 1.84 £ 0.40%
Treated
CD, Number MDA (uM)
126 + 52 (0-200) 14 17.68 = 3.04
301 + 51 (201-400) 21 8.93 £ 4.45%
506 + 71 (401-600) 12 3.04 + 1.41*
675 = 82 (601-800) 6 1.95+0.42°
Untreated
CD, counts Number MDA (uM)
88 + 60 (0-200) 19 15.93 £6.06
297 + 45(201-400) 16 7.13 + 3.44
495 + 59(401-600) 10 2.82 +1.87%
957 £ 401 (601-) 5 1.64 £ 0.57*

ESOD (U/mg serum protein) Vitamin A (IU)
494.30 + 117.84* 4740 + 6.41%
ESOD (U/mg serum protein) Vitamin A (IU)
48.64 £ 23.80 17.86 +2.14

100.95 + 32.38%
321.41 + 86.64%
436 + 114.44%

28.81 + 6.87*
4525+ 12.98%*
45.83 +4.92:¢

ESOD (U/mg serum protein) Vitamin A (IU)
34.21 £23.06 18.68 +3.58
110.31 £ 26.30* 28.06 + 8.61%*

41.30 £ 9.25%
61.60 £ 15.27*

233.30 + 54.78%
524.20 £ 111.71%

Results are Mean + SD. p<0.001 compared with untreated with CD, count 88 + 60; °p<0.05 compared with untreated with CD, count 88 =
60; ©p<0.001 compared with treated with CD, count 126 + 52; 4p<0.05 compared with treated with CD, count 126 + 52.
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Table 2. Multivariant analysis of biochemical indicators in comparison to CD, status

ANOVA
Sum of Squares df Mean Square F Sig.
MDA (pumol/L) Between Groups 4281.305 8 535.163 43.155 0.0000
Within Groups 1413.700 114 12.401
Total 5695.004 122
VitA (IU) Between Groups 19516.285 8 2439.536 40.879 0.0000
Within Groups 6803.178 114 59.677
Total 26319.463 122
ESOD (U/mg serum protein) Between Groups 3927377.855 8 490922.232 101.569 0.0000
Within Groups 551004.779 114 4833.375
Total 4478382.634 122

naive patients (Mean = SD 8.93 £ 4.45, 95% CI 6.90-10.96
uM Vs 15.93 £ 6.93, 95% CI 13.01-18.85 uM; p<0.005)
respectively. However there was no statistical difference
between MDA plasma level between patients with CD,
count below 200 for treated and untreated groups (Mean
+ SD17.68 + 3.04 uM; 95% CI 15.92-19.43 uM Vs 15.93
+ 6.93 uM, 95% CI 13.01-18.85 uM) respectively. Figure
1 shows the correlation between CD, count and plasma
MDA concentration. There was a negative correlation be-
tween CD, count status and serum MDA concentration
[Pearson r=-0.68, p<0.01]. Plasma MDA concentration in-
creased with the decrease in CD, count.

Plasma Vitamin A

The serum levels of vitamin A expressed as IU are
shown in Table 1. There was a significant increase in
the serum level of vitamin A with increase in CD, count
(Tables 1 and 2). The level of vitamin A in HIV treat-
ment naive patients with CD, count 200-400 cells/mm®
was significantly higher than the same group of patients
with CD, count <200 cells/mm’ [28.06 + 2.15 IU, 95% CI
23.47-32.65 1U Vs 18.68 + 3.58 1U, 95% CI 16.96-20.40 1U,
p<0.05] respectively. There was a positive correlation be-
tween serum Vitamin concentration and CD, count [Pear-
son r=0.71 p<0.01] (Fig.2). However there was a negative
correlation between plasma malondialdehyde and vitamin
A concentration (Pearson r=-0.75; p<0.01). There was a
positive correlation between serum vitamin A concentra-
tion and ESOD activity (Pearson r=0.79; p<0.01).

Serum Extracellular superoxide dismutase

The levels of extracellular superoxide dismutase ac-
tivity are shown in Table 1. The activity of extracellular

December 2010 Vol. 6 No. 4

dismutase showed a similar pattern with that of vitamin
A in relation to CD, counts. There was a positive correla-
tion between extracellular superoxide dismutase and CD,
count in this study (Pearson r=0.86, p<0.01] (Fig.3). There
was also a negative correlation between serum malondi-
aldehyde concentration and extracellular superoxide dis-
mutase activity (Pearson r=-0.71, p<0.01). The change in
extracellular SOD activity was not statistically signifi-
cant for naive and treated HIV subject with CD, <200
(34.21 £ 23.06 mU/mg serum protein; 95% CI 23.10-45.33
06 mU/mg serum protein Vs 48.64 + 23.80 mU/mg se-
rum protein; 95% CI 34.90-62.39; p<0.1). There was very
slight significant increase in ESOD activity between HIV1
treatment-naive and treated HIV 1 patients with CD, count
200-400 (110.31 £ 26.30 mU/mg serum protein, 95% CI
96.30-124.32 mU/mg serum protein Vs 100.95 + 32.38
mU/mg serum protein 95% CI 86.21-115.69 mU/mg se-
rum protein p<0.05). There was a significant increase in
ESOD activity with CD, count 200-400 over patients with
CD, count<200 for either HIV treatment naive or treated
HIV subjects (p<0.001).

DISCUSSION

The success of HIV infection management does not
only rely on effective treatment, but also on efficient
and cost effective monitoring tests. In Nigeria the cost
of drugs per patients was about $368, while monitoring
was about $170, representing 46% of drug cost in 2004.
Though government subsidized ARV drugs, patients paid
about $86 annually as a contribution to the drug cost (17).
Furthermore, the monitoring and screening costs ($170)
were borne exclusively by the patients, bringing total pa-
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tient out-of-pocket expenditure up to $256 per year. This is
equivalent to almost 75 percent of annual per capita gross
domestic product, well beyond the resources of most Nige-
rians (17). The development of an effective ARV program
therefore, must include support not only for ARV drugs
but for all aspects of patient cost (17).

ARVs were being administered in only 25 treatment
centers across the country which was a far from adequate
attempt at helping the estimated 550,000 people requir-
ing antiretroviral therapy (17). As a result, in 2006 Nige-
ria opened up 41 new AIDS treatment centers and started
handing out free ARVs to those who needed them most.
Treatment support between 2006-7 was impressive, ris-
ing from 81,000 people (15% of those in need) to 198,000
(26%) by the end of 2007. Despite this progress, Nigeria is
still yet to attain the target of providing universal access
for AIDS treatment. The HIV prevalence in Nigeria repre-
sents 3.6% of adult aged 15—49years (18). This translates
into 2,600,000 people infected with HIV (19). There are
currently 552,000 people in the country who do not have
access to the ARV treatment that they need (10). There is a
large reservoir of basic information that suggests a strong
association between HIV infection and oxidative stress (1,
20, 21). Since the brunt of the monitoring testing for both
patients who are eligible and non-eligible for treatment
based on the CD, status criterion is taken by the patients,
it is thought possible to evaluate other surrogate biochemi-
cal tests in evaluating CD, status in patients who are not
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Figure 1. Correlation between serum malondialdehyde concen-
tration and CD, count.

www.ijbs.org

Int ] Biomed Sci

eligible for therapy in resource constrained facilities in
the rural and urban areas. Similarly, subjects who are eli-
gible for treatment but do not have the wherewithal could
also benefit from using the biochemical parameters which
are surrogate markers of CD, count. The use of MDA
and extracellular ESOD assay correlates negatively and
positively significantly with CD, count respectively (Fig.
1 and Fig. 3). Increase in ESOD was accompanied by a
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Figure 2. Correlation between Plasma Vitamin A concentra-
tion and CD, Count.
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Figure 3. Correlation between extracellular superoxide dis-
mutase activity and CD, count.
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corresponding increase in CD, status (Fig. 3). Conversely
increase in MDA concentration was associated with de-
crease in CD, count (Fig. 1). Though vitamin A status can
be influenced by intake, a positive correlation has been ob-
served between Vitamin A concentration and CD, count
(Fig. 2), with a negative correlation with MDA concen-
tration. In this study, deliberate attempt was made to use
simple and cheap methods, in order to suit our resource
constrained health facilities as well as our current energy
predicaments where constant power supply has become a
nightmare to our nation. As the reagents can be prepared
just before use, this may obviate the need of storing highly
expensive reagents in refrigerators with extremely low
temperature. Though highly active antiretroviral therapy
has been reported to be associated with increased oxi-
dative stress (22), in this study the increase in oxidative
stress for patients with CD, count between 200-400 cells/
mm3 between treated and untreated was not significant
(MDA 8.93 + 4.45 umol/L Vs 7.13 = 3.44 umol/L p<0.13)
respectively (Table 1). Similarly, the increased level of
MDA in treated for patients with CD, count 401-600 cells/
mm3 was not significant compared with untreated with
the same level of CD, count (3.04 + 1.41mmol/L Vs 2.82 +
1.87 mmol/L, p=0.088) (Table 2).

CONCLUSION

We have shown that oxidative stress increases with de-
pression of CD, count in HIV infection. Thus the use of
oxidative stress and antioxidants indicators can be used
as surrogate markers of CD, count in the laboratory for
monitoring of HIV treatment-naive patients in laboratory
with facilities constrains.

REFERENCES

1. Suresh DR, Annam V, Pratibha K, Prasad BVM. Total antioxidant
capacity — a novel early bio-chemical marker ofoxidative stress in HIV
infected individuals. J. Biomed Sci. 2009; 16: 61.

2. Delmas-Beauvieux MC, Peuchant E, Couchouron A, Constans J, et
al. The enzymatic antioxidant system in blood and glutathione status
in human immunodeficiency virus (HIV)-infected patients: effects of
supplementation with selenium or -carotene. Am. J. Clin. Nutr. 1996;
64 (1): 101-107.

3. Nagy G, Ward J, Mosser DD, Koncz A, et al. Regulation of CD,
Expression via Recycling by HRES-1/RAB4 controls susceptibility to

December 2010 Vol. 6 No. 4

oo

10.

11
12

13.

14.

15.

16.

17.

18.

19.
20.

2

—_

22.

Int ] Biomed Sci

HIV Infection. J. Biol. Chem. 2006; 281 (45): 34574-34591.

. Schreck R, Rieber P, Bacuerle PA. Reactive oxygen intermediates

as apparently widely used messengers in the activation of the NF-xB
transcription factor and HIV-1. The EMBO Journal. 1991; 10 (8): 2247-
2258.

Westendorp MO, Shatrow VA, Schultze OK. HIV-1 Tat potentiates
TNF-induced NF-kappa B activation and cytotoxicity by altering the
cellular redox state. EMBO J. 1995; 14: 546-554.

. Halliwell B. Reactive oxygen species in living systems: source, Bio-

chemistry and role in human disease. American Journal of Medicine.
1991; 91 (3C): 14S-228.

. Halliwell B. Oxidants and human disease; some new concepts. FASEB

J.1987; 1 (5): 358-364.

. Allard JP, Aghdassi E, Chau J, Salit I, et al. Oxidative stress and

plasma antioxidant micronutrients in humans with HI'V infection. Am.
J. Clin. Nutr. 1998; 67 (1): 143-147.

. Odutolu O, Ahonsi BA, Gboun M, Jolayemi OM. ‘AIDS in Nigeria: A

nation on the threshold’. Chapter 11: The National Response to HIV/
AIDS. Harvard Center for Population and Development Studies.
2006.

World Heath Organisation, UNAIDS & UNICEF (2008). Towards uni-
versal access: scaling up priority HIV/AIDS interventions in the health
sector. 2008.

. World Development Indicators database, World Bank. 1 July 2009.
. World Medical Association. Medical Ethics Manual 2" Edition 2009

ISBN 92-990028-1-9.

Carr FH, Price EA. Colour Reactions Attributed to Vitamin A. Bio-
chem. J. 1926; 20: 497.

Ohakawa H, Oshishi N, Yagi K. Assay For Lipid Peroxidation In Ani-
mal Tissue by Thiobarbituric Acid Reaction. Anal. Biochem. 1979; 75:
351-358.

McCord JM, Fridorich I. Superoxide dismutase:An enzymic function
for erythrocuprein (Hemocuprein). J. Biol. Chem. 1969; 244: 6049-
6055.

Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding. Anal. Biochem. 72: 248-254.

Kombe G, Galaty D, Nwagbara C. Scaling Up Antiretroviral Treat-
ment in the Public Sector in Nigeria: A Comprehensive Analysis of
Resource Requirements. Partners for Health Reform plus Funded by:
U.S. Agency for International Development. 2004 Order No. TE 037.
UNAIDS 2009-AIDS epidemic update: UNAIDS/09.36EJC1700E”.
http://data.unaids.org/pub/Report/2009/JC1700_Epi_Update 2009
en.pdf.

UNAIDS 2008 Report on the global AIDS epidemic.

Salmen S, Montes H, Soyano A, Hernandez D, Berrueta L. Mecha-
nisms of neutrophil death in human immunodeficiencyvirus-infected
patients: role of reactive oxygen species,caspases and map kinase path-
ways. Clin. Exp. Immunol. 2007; 150: 539-545.

. Glesby MJ, Hoover DR, Raiszadeh F, ef al. Oxidant Stress in HIV-

Infected Women from the Women’sInteragency HIV Study. Antivir.
Ther. 2009; 14: 763-769.

Ngondi JL, Oben J, Forkah DM, Etame LH, et al. The effect of differ-
ent combination therapies on oxidative stressmarkers in HIV infected
patients in Cameroon. AIDS Research and Therapy. 2006; 3: 19.

www.ijbs.org



