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ABSTRACT: Objectives: This study was designed to determine the plasiesi®f some oxidative damage products
and antioxidant capacity; and investigate relatigmsbetween body mass index (BMI) and oxidative dgen
parameters in three severity groups of HIV patiestspared with non-HIV-infected controldethods: Plasma levels
of total antioxidant capacity (TAC), malondialdeley@MDA), protein carbonyl (PCO) and advanced oxigaprotein
products (AOPP) were estimated spectrophotomdirieald BMI measured in controls and patients witbdGounts
of 2500 cells/ul (groupl), 200-499 (group2) and <20@g 3)Results: PCO, AOPP, MDA, increased significantly
(p<0.0001) while TAC reduced significantly (p<0.a90in all HIV groups compared with control Intraogp
comparisons of MDA, PCO and AOPP also increasedifgigntly (p<0.0001) and TAC reduced significantl
(P<0.001) when compared with each other. BMI aeéit of group 3 was significantly reduced when pared with
control (p<0.05) but no difference between groud 2 and control (P>0.05). BMI was positivelyretated with
TAC (p<0.05), CD4+ count (p<0.001), but negativetyrelated with MDA (p<0.001), PCO (p<0.01) and ADRp>
0.05). Conclusion: Based on the results of this study, we recommendin® BMI or weight measurement and
antioxidants supplementation in HIV subjects whishhoped to strengthen the immune system and rethee
oxidative damage. Association of MDA with BMI wasangest followed by PCO while AOPP was least. BMb
reflection of oxidative damage in HIV infection.
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Introduction

Scientific evidence has shown that HIV infect is caused by a retrovirus, the Human
Immunodeficiency Virus (HIV) which is a ribonucleicid (RNA) virus so designated because of its
genome that encodes an unusual enzyme, reverserase (RT) that enables the virus to make sopie
of its own genome as deoxyribonucleic acid DNAtghosts cells (that is, human T4 helper lymphayte

[1].
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Infection with HIV has a devastating effect the nutritional status of infected persons [1lRhas
been noted that weight loss, often profound in ntage depending on the stage of the infection and
associated infections, are known features of Hifédtion [2].. HIV-positive patients may lose 30-5@o
their body mass before progressing to acquired inodeficiency syndrome (AIDS) [3] According to
different investigators, weight loss can be causgdive mechanisms, namely, inadequate food intake,
reduced intestinal absorption, abnormal food wtilan, increased excretion of nutrients and host
requirements [4,5,6]. It has also been reported Weight loss contributes to the progression of HIV
infection to AIDS [7].

Wasting, therefore, is a major complicatidrhoman immunodeficiency virus (HIV) infection, aitd
makes an important contribution to both the motjidind the mortality of the disease [5]. Weightslas
patients with HIV infection tends to be periodiccarring particularly in relation to episodes otsedary
infection or gastrointestinal disease [8]

Few studies [7, 9] have examined the relatigmbetween HIV infection and anthropometry in d¥ig,
but none to the best of our knowledge has examihedassociation between HIV infection, body mass
index and oxidative modifications of lipids and @ios, in this present study, we attempted to dster
the plasma levels of carbonyl protein (PCO), adedncoxidative protein products (AOPP),
malondialdehyde (MDA) and total antioxidant capa¢i AC); and to ascertain the degree of relatigmsh
of each oxidative damage parameters with body mnalex (BMI) in HIV 1 adults.

Materials and M ethods
Subjects

A total of 84 subjects comprising of 48 féesaand 36 males were recruited for the study,ubfests
(33 females and 25 males) were HIV-I infected adalhd the remaining 26 subjects (15 females and
11males) were control subjects.
Fifty-eight HIV-positive patients classified accord to the Centre for Disease Control and Preventio
(CDC) criteria; [Group 1 (CD4<200), n = .20], [GpWw® (CD4: 200-499), n = .20] and [Group 3
(CD4>500), n = 22] and 24 age- and sex-matchedthyeld|V-1 seronegative adults with a mean age ®f 3
years (range: 22-49 years) diagnosed as HIV-1 tiedepatients (using DETERMINEimmunoassay
(Japan)), were recruited from the HIV Clinic runthg Institute of Human virology, Nigera (IHVN) thte
Olabisi Onabanjo University Teaching Hospital, Sagabefore the commencement of antiretroviral
therapy. All subjects underwent an initial scregrimat included a detailed history (medical, smgkitiet,
and alcohol and supplemental vitamin intakes) amtirapometric (weight and height) and biochemical
(complete blood count, glucose, cholesterol, tdghde, creatinine, urea, and liver enzymes)
measurements. Patients were eligible if they hadaoate opportunistic infection. Exclusion criteria
included use of alcoholic beverages, smokingjaitiitn of antioxidant vitamin and antiretroviraludy
therapies before the study, hyperlipidemia, hypeiten, clinical tuberculosis, diabetes, kidney ivet
dysfunction, intractable diarrhoea (more than sSowuitl stools per day), vomiting, or evidence of
gastrointestinal bleeding. Informed consent wasiobt from participants and the entire experimental
protocol was approved by institutional ethical coittee and utmost care was taken during the
experimental procedure according to the Helsinkcl@mation of 1964 [10]. Blood was collected by
venipuncture into 5 ml plain vacuutainer and 5miTDvacuutainer tubes. CD4+ were estimated by Partec
Cyflow (Germany).

Assay of plasma advanced protein oxidation products (AOPP) and protein carbonyl (PCO) levels

Spectrophotometric determination of AOPP Iewehs performed by modification of Witko’s method
[11]. Absorbances were measured at 340nm and ntratiens of AOPP were calculated by using the
extinction coefficient of 26 Mx cm*. Plasma PCO levels were measured spectrophotonigtidyausing
the method of Rednecks et al [12]. Absorbances weeasured at 360nm, using molar extinction
coefficient of DNPH,e = 2.2 x 10 M x cm™. Protein content were determined on the HCI bipelkets
spectrophotomtrically by Biuret method using bovéeeum albumin (BSA) as standard [13]
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Total antioxidant capacity measurement

Total antioxidant capacity was measured bydeeducing antioxidant power (FRAP) assay acoagd
to the method of Benzie and Strain [14]. At low pithen a ferric tripyridyltriazine (Fe 1lI-TPTZ) cqumex
is reduced to the ferrous (Fe II) form, an inteb&ge colour with an absorption maximum at 593 nm
develops.

Lipid peroxidation assay

Lipid peroxidation was estimated spectrophwttrically by the thiobarbituric acid reactive starce
(TBARS) method as described by Varshney and Kdlbsd4nd Malondialdehyde (MDA) was quantitated
by usinge = 1.56 x 16 M cm'[16].

Results

A total of 84 subjects comprising of 48 feesahnd 36 males were recruited for the study, bfests
(33 females and 25 males) were HIV-I infected adalhd the remaining 26 subjects (15 females and
11males) were control subjects.

In Table 1, there was no significant diffezerin the ages of HIV groups and control, but digant
difference was observed in height (p>0.05), weig@#0.0001) and BMI (p<0.01) reflecting changes in
weight and BMI as the disease progresses. Signtficdecrease in antioxidant capacity (p<0.0001) and
CD4+ (p<0.0001) were noticed in HIV groups whemmeared with control (Table 1) indicating
deteriorating immune function coupled with depletmf antioxidant. Significant increase in MDA, AOPP
and PCO (p<0.0001) in HIV groups compared with caatwas observed which confirmed appreciable
oxidative damage in HIV groups.

Table 2 shows no significant difference ie #ges and heights among HIV groups when compared
with each other and each HIV group and control, dighificant difference was observed in weight and
BMI of HIV Gzand control (p<0.05), £&and G (p<0.05) and Gand G (p<0.05) implying that gwas the
most affected of the HIV groups. Significant difface in the intra group comparison of immune,
antioxidant capacity and oxidative damage among Hiidups when compared with each other and each
HIV group and control (p<0.0001) were observed.sThnplied that immune status is a probable
determinant of antioxidant capacity and oxidatieendge in HIV-infected individuals.

Table 3 shows nutritional status as assebyetiody mass index (BMI) in the study population.
Prevalence of severe malnutrition in HIV-I patientith CD4+ <200 lymphocytes/minwas 36.4%,
moderate was 9.1% while those with normal weighd amer weight were 50% and 0.5% respectively
Patients with CD4+ between 200-499 lymphocytesinitad 6.3% moderate malnutrition and 93.7%
normal weight; those with CD4 >500 lymphocytes/vere normal weight 72.7% and overweight 37.3%
In the controls, prevalence of normal weight wa%8@verweight and obesity were 10% respectively.
Body mass index was related to severity of disegas#V-| positive patients.

Table 4 shows correlation of BMI and weighgjdght, CD4+ count, MDA, PCO, AOPP and TAC of
HIV-I positive patients and control subjects. BMhsvsignificantly correlated with weight (r = +0.787
p<0.0001), CD4+ count (r = + 0.476, p<0.001), bedatively correlated with MDA (r = -0.384, p<0.001)
PCO (r = -0.364, p<0.01) and AOPP (r = -0.177, p65n Association between oxidative damage
parameters analysed and BMI was strongest with Mibkowed by PCO, while AOPP had least
association with BMI in HIV-infected adults studied
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Tablel: Biophysical data and serum concentratidnMBA, PCO, AOPP and TAC of HIV-I positive
patients and control subjects of HIV-I positiveipats and control subjects

Parameters Control G; (n =20) G(n=22) G (n=22) F-value P-value
(n=26)
Age (Years) 30.97+8.90 38.45+10.95 33.87+6.785.22+1091 2.27 0.086
Weight (kg) 60.73+8.80 66.13+16.36 59.46+94.348.72+12.14 7.06 0.000
Height (m) 1.62+0.79 1.58 £0.79 1.62 £0.60 15676 3.37 0.022
BMI (kg/m?) 22.92+3.18 26.03+£5.16 23.58 £6.51 19.89365. 4.65 0.005
CD4+% 904.1 +138.0 689.1+158.0 325.0+83.50 .34154.3 9.39 0.000
MDA 1.71+0.86 1.95+1.16 3.10+1.35 3.90+1.35 64.5 0.000
(nmol/ml)
pcd 0.31+0.14 0.46 +0.14 0.75+0.39 1.48 £0.43 401 0.000
AOPF 0.49+0.44 0.68 +1.00 1.87+1.42 210+1.13 9715 0.000
TACT 1032% * 903.3 +162.4 741.1+1353 682.8+83.2 28.04 00.0
138.

Values are expressed as mean +* standard devi&idhn'(evels expressed asnol/l “Levels expressed as
nmol/mg protein‘Count expressed as lymphocytes/inm
G, =HIV infected subjects having a CD4 T lymphocyteiets > 500 cell/mrh
G,= HIV infected subjects having a CD4 T lymphocyteists between 200-499 cell/mm
Gs= HIV infected subjects having a CD4 T lymphocyteists <200 cell/mi

Table 2: Intra group comparison of biophysical paeters, CD4+ count, MDA, PCO, AOPP and TAC of
HIV-I positive AIDS patients and control subjects

Parameters Control vs;G Controlvs G Control vs G G vs G G vs G G, vs G
Age (Years) NS NS NS NS NS NS
Weight (kg) NS NS p <0.05 NS p <0.05 p <0.05
Height (m) NS NS NS NS NS NS
BMI (kg/m?) NS NS p <0.05 NS p <0.05 p <0.05
CD4+% p <0.0001 p <0.0001 p <0.0001 p <0.0001 < 0pO001 p <0.0001
MDA p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 < 0po01
(nmol/ml)

pcd p <0.0001 p <0.0001 p <0.0001 p <0.0001 poo@1L p <0.0001
AOPF p <0.0001 p <0.0001 p <0.0001 p <0.0001 pod01 p <0.0001
TACTt p <0.0001 p <0.0001 p <0.0001 p <0.0001 < @0001 p <0.0001

Levels expressed asnol/l “Levels expressed as nmol/mg proté&@ount expressed as lymphocytes/fimm
Con = Control, NS=Not significant

G, =HIV infected subjects having a CD4 T lymphocyteiets > 500 cell/mrh

G,= HIV infected subjects having a CD4 T lymphocyteists between 200-499 cell/mim
Gs= HIV infected subjects having a CD4 T lymphocyteists <200 cell/mrh
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Table 3: Nutritional status assessed by Body nratexi (BMI) in the study population

Category BMI Controls Gy (n = 20) G (n=22) G (n=22)
(n=26)

Malnutrition

Severe > 16.0 0% 0% 0% 8 (36.4%)

Moderate 10.0-16.9 0% 0% 1 (6.3%) 2 (9.1%)

Mild 17.0-18.5 — — — —

Others

Normal weight 18.5-24.9 33 (80%) 8 (72.7%) 15799 11 (50%)

Overweight 25.0-29.9 4 (10%) 4 (37.3%) 0% 1 (0.5%

Obesity > 30 4 (10%) 0% 0% 0%

Exact numbers and percent in parenthesis (rounded).

G, =HIV infected subjects having a CD4 T lymphocyteiets > 500 cell/mrh

G,= HIV infected subjects having a CD4 T lymphocyteists between 200-499 cell/mim
Gs= HIV infected subjects having a CD4 T lymphocyteists <200 cell/mi

Table 4: Correlation of BMI weight, height, CD4+wd, MDA, PCO, AOPP and TAC of HIV-I positive
patients and control subjects

Parameters HIV-1 Patients Controls

r p r p
BMI (kg/m?) 1 — 1 —
Weight (kg) 0.787%** 0.000 0.747%* 0.000
Height (m) 0.045 0.760 —0.241 0.128
CD4+ lymphocytes/mrh 0.476** 0.001 0.076 0.638
MDA (nmol/ml) —0.384* 0.006 —0.154 0.338
PCO (nmol/mg protein) —0.364* 0.010 —0.150 0.351
AOPP (nmol/mg protein) —0.177 0.229 0.201 0.213
TAC (umol/l) 0.328* 0.021 0.216 0.252

*#p>0.01, *p>0.05

Discussion

Altogether 72.4% of newly diagnosed HIV-irtiedt patients who were not in advanced phase of the
disease and 27.6% who were in advanced phase waleated and found to have some degree of
oxidative damage with concomitant depletion ofak@ntioxidant. capacity which affect body masseixd
differently. There was significantly higher oxidagi stress in the group of HIV-positive subjectsanth
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seronegative control subjects as determined froasnph protein and lipid peroxidation products’
concentrations.

Lipid peroxidation results from release daddrradicals that can cause tissue damage by rgaeiin
polyunsaturated fatty acids in cellular membramefotm malondialdehyde (MDA). The concentration of
serum MDA which is used for monitoring lipid perdation in biological samples was found to be
increased in HIV-1 seropositive patients with CDdeunt < 200 lymphocytes/miand that of 200-
499lym/mn? but there was no significant changes in those \@®4>500lym/mm compared to the
control. This finding is similar to the result abted in the study of Ogunro et al [17] but is gntast to
the studies of Allard, and his co-workers [18]

Oxidative damage to protein, lipids or DNAyrall be seriously deleterious and may be concorhita
However, proteins are possibly the most immediat@ale for inflicting oxidative damage on cells base
they are often catalysts rather than stoichiometecliators; hence, the effect of damage to oneculdeas
greater than stoichiometric [19] Protein perxidat@an occur by various mechanisms: namely, an asere
in the production of ROS, decrease in the ratecaenging of ROS, an increase susceptibility of the
protein to oxidation and a decrease in the ratemibval of oxidized species [20]

ROS leading to OPD include radical specieshsas superoxide, hydroxyl, perxyl, alkoxyl,
hydroperoxyl and non-radical species such as hwrggroxide, hypochlorus acid, ozone, singlet oryge
and peroxynitrite [19] Considerable evidence intsathat the maintenance of protein redox statud is
fundamental importance for cell function, where&sicdural changes in proteins are considered to be
among the molecular mechanisms leading to diseasglication. PCO content is usually the most gdnera
indicator and by far the most commonly used margerOPD [19]. Among the various oxidative
moadifications of amino acids in proteins, PCO fotiora may be an early marker for protein oxidati@][
PCO have a major advantage over lipid peroxidaporducts as markers of oxidative stress because
oxidized proteins are generally more stable, PQ@nfearly and circulate in the blood for longer pds
compared with other parameters of oxidative stf@8 We found that plasma PCO and AOPP levels
were increased significantly compared with contrblalle-Donne et al [19] have reported that PCQugso
may be introduced into proteins by secondary reaatf the nucleophilic side chains of cysteinetitise
and lysine residues, and aldehydes (4-hydroxy-2nah malondialdehyde, 2-propenal acrolein) produce
during lipid peroxidation.

Lipid peroxides condense with the side chafirprotein amino acids to result in carbonyl groups
proteins [23] Increased lipid peroxide in the foofnmalondialdehyde accumulates in patients with HIV
infection. In the present study, the concentrat@dnserum PCO was found to increase in HIV-1
seropositive patients with CD4+ count < 200 lymphes/mni and that of 200-499lym/mhbut there was
no significant changes in those with CD4>500lym/hmompared to the control. Increase in plasma PCO
levels observed in HIV-I patients studied may be tluthe increase in lipid peroxidation due to éase
formation or decrease degradation and clearance.

Recently, AOPP a new marker of oxidative @imdamage (OPD) has begun to attract the atteofion
various investigators [24] AOPP are defined asrdgine containing cross-linked protein products][25
AOPP levels correlated with concentrations of disjne and advanced glycation end products-pentesidi
as indices of oxidant-mediated protein damage [B&]PP are considered as reliable markers to estimat
the degree of oxidant-mediated protein damage [2Ag concentration of serum AOPP and carbonyl
protein which are markers of protein peroxidatioerevfound to be increased in HIV-1 seropositive
patients with CD4+ count < 200 lymphocytes/mand that of 200-499lym/minbut there was no
significant changes in those with CD4>500lym/freompared to the control, this agrees with theystfd
Ngondi et al [26].

The increase in lipid peroxidation and pnoteikidative parameters was also associated wittedow

plasma total antioxidant capacity. There was manastiction in the serum total antioxidant of HIV-I
seropositive individual in this study, the degréeegluction was related to the degree in the redadh
the CD4+ which determines the level of immunityHh/-I.
Although it was reported that there was no cori@hatbetween body weight loss and level of
immunosuppression [27], our findings showed sigatfit reverse relationship between severity of weigh
loss (as assessed by body mass index) and serum (yB¥bhocyte count that is comparable with the
findings of Rivera et al [28].

The BMI and weight for HIV-I seropositive paits with CD4+ count of <200lymphocytes/fiwere
significantly reduced when compared with the cdn{px0.05) BMI was significantly correlated with
weight, CD4+, but negatively correlated with MDAC® and AOPP. .Lipid peroxidation seems to occur
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first, followed by protein carbonyl formation whikelvance oxidative protein products are producedhmu
later.

Conclusion

Significant oxidative damage and depletionTéfC in relation to severity of HIV infection when
compared with the controls was demonstrated. Aasoni of MDA with BMI was highest followed by
PCO while AOPP was least
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