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Abstract 

 
Oxidative stress condition arises during imbalance between oxidants and antioxidants of diverse 
origin damaging both structure and function of tissues. Oxidative stress has been suggested as a 
cofactor during Human Immunodeficiency Virus Infection course involved in many aspects of 
disease pathogenesis as viral replication, inflammatory responses, decreased immune cell 
proliferation, loss of immune function, cellular apoptosis, chronic weight loss, and increased 
sensitivity to drug toxicity.  
 
In this review, we provide an overview of the oxidative metabolism pathways involved in HIV 
infection, examine the potential impact of antirretroviral toxicity on oxidative damage and argue 
how the response contribute to co-morbidities. Moreover, we also discuss recent reports from 
observational and interventional studies which have led to an increasing interest in the possible 
benefits of micronutrient supplementation as a cost-effective strategy for improving oxidative 
and nutritional status in HIV infection. The general strategy and combination of these 
interventions represent an important complementary deal for HIV infection treatment in the era 
of high active antiretroviral therapy.   
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Introduction  

 
Free radical (FR)-rich primordial context, 
and the simultaneous development of 
antioxidants, were important for life 
improvement. Antioxidant adaptation 
involved subtle changes to structural 
integrity and compartmentalisation of 
reactants (e.g. keep reactive oxygen species 
(ROS) away from iron) within cells. ROS and 
antioxidants are essential parts of the basic 
biology and physiology mentioned by 
Halliwell (2006). ROS are meaningful also 
in neutralizing the ever-changing virulence 
of micro-organisms. The ability of immune 

system to sterilise a site of infection, by 
rapid production of ROS (superoxide anions 
O2·−, hydrogen peroxide H2O2, hydroxyl 
radicals ·OH, hypochlorous acid HOCl, 
peroxynitrite ONOO−, etc.) can keep 
organism alive. The subjects, who could 
mount a robust immune response with 
vigorous yet coordinated ROS production, 
would be selected for survival refereed by 
Roberts et al (2010) and Sahnoun et al 
(1997).  
 
Human immunodeficiency virus 1 (HIV-1), 
identified in 1983, remains a global health 
threat responsible for a world-wide 
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pandemic. WHO (2011) reports showed 
that HIV infections evolved to acquired 
immune deficiency syndrome (AIDS) 
accompanied by opportunistic infections, 
severe metabolic and immune 
dysfunctions. Articles from Sonnerborg et 
al (1988), Stephens (2004), Pasupthi et al 
(2009), Coaccioli, et al (2010), Awodele et 
al (2012) and our group Gil et al (2003) 
have shown that humans infected with HIV 
are under chronic immune activation 
characterized by increase generation of 
ROS and perturbations of the antioxidant 
defence system. Oxidative stress (OS) has 
been detected in many tissues of HIV 
infected individuals using different 
biochemical’s markers and diverse bio-
techniques. In research studies by 
Sonnerborg et al (1988), Stephens (2004), 
Pasupthi et al (2009), Coaccioli, et al 
(2010), Awodele et al (2012), Redhage et al 
(2009), Stephensen,  et al (2007) and 
Wanchu et al (2009) the OS 
characterization has been made in 
populations from several countries and 
different risk groups using case-controls, 
cross-sectional and interventions studies. 
These researches show imbalance in redox 
status during the infection course which 
could be related to oxidative molecular 
damage, viral replication, micronutrient 
deficiency and inflammatory chronic 
response, all of them implicated in cellular 
apoptosis and decreased immune 
proliferation. Those imbalance included 
changes in glutathione (GSH), thioredoxin 
(TRX), superoxide dismutasa (SOD), 
ascorbic acid, glutathione peroxidase 
(GPx), tocopherol (TOC) and selenium (Se). 
In addition, hydroperoxides (HPO) and 
malondyaldehyde (MDA) elevated levels 
were found in both paediatrics and adults 
patients.  

 
Several advances have been made in AIDS 
management since the introduction of the 
highly active antiretroviral therapy 
(HAART) in 1996. AIDS pandemic has 
stabilized on a global scale in 2008 with an 
estimated of 33 million people infected 
worldwide reported by UNAIDS (2011). In 
more recent years, as the number of 
available anti HIV drug classes, as well as 
individual drug potency and tolerability has 
increased, many patients can expect to 

suppress viral load below the limit of 
detection in clinical practice, currently 
defined as 50 copies per milliliter of blood 
mentioned by CDC (2009) and De Clercq, E. 
(2009). Even if an effective AIDS vaccine is 
still lacking, the introduction of HAART 
greatly extended survival, with reduction of 
the morbidity and mortality of HIV 
infection. However in opinion of authors as 
Carcelain et al (2001) and Bailey et al 
(2006) with very sensitive methods, a 
residual viremia is still detected in patients 
on HAART. Moreover, Desrosiers (1999) 
and Le Douce et al (2010) suggested that 
HIV RNA returns to a measurable plasma 
level in less than two weeks when HAART is 
interrupted. These observations suggest 
that even long term suppression of HIV-1 
replication by HAART cannot totally 
eliminate HIV-1. The virus persists in 
cellular reservoirs because of viral latency, 
cryptic ongoing replication or poor drug 
penetration published by Johnston and 
Barre-Sinoussi (2012) and Brennan et al 
(2009). 
 
HAART does not completely solve the 
immune and metabolic alterations during 
HIV infection. Instead hepatic toxicity from 
antivirals as zidovudine (AZT) was 
demonstrated early in the epidemic 
mentioned by De Clercq (2009). Additional 
adverse effects and/or regimen adherence 
difficulties have serious consequences 
suggested by Johnston and Barre-Sinoussi 
(2012) such as loss of serum HIV 
suppression, development of drug-resistant 
HIV strains, and increased probability of 
illness progression. 
 

Some anti HIV drugs classes are associated 
with lactic acidosis, hyperlipidemia, glucose 
intolerance, diabetes mellitus, fat 
redistribution and wasting, and 
atherosclerosis. These features could be 
related with OS increased by antiretroviral 
(ART) toxicity which point at the 
mitochondria as toxic target as suggest 
Feng et al (2001). It could be produced by a 
common mechanism through mitochondria 
dysfunction.  
 
The purpose of this review is to analyze the 
evidences concerning oxidative metabolism 
alterations involved in HIV infection. ART 
toxic mechanism contributing to oxidative 
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damage and its association with 
comorbidities will also be examined. Finally, 
potential use of antioxidant in HIV naïve 
and treated patient is also discussed.  
 

Redox Imbalance and HIV Infection 

 
In the articles by Blocks et al (2002), Kohen 
and Nyska (2002), Devasagayam et al 
(2004), and Valko et al (2007) ROS were 
considered as products of normal 
physiological processes, involved for 
instance in the transport of electrons in the 
mitochondrion and also serve as signaling 
molecules. The ROS productions are 
particularly increased in the activated 
phagocytes and neutrophils representing 
one part of the microbial activity. In that 
case, the activation of the immune system 
may produce a significant local or systemic 
increase of ROS generation. An excessive 
amount of these molecules could leads to 
oxidative modification and, therefore, 
dysfunction of proteins, nucleic acids, 
carbohydrates and lipids which were 
showed by Block et al (2002) and, Kohen 
and Nyska (2002).The extent of damage 
that this stress could cause depends on the 
condition of the antioxidant defence system 
at the site of inflammation. 
 
In articles by Block et al (2002) and, Kohen 
and Nyska (2002) ROS are considered as 
transient, unstable, and largely localized 
products into cellular compartments, 
making their direct measurement 
difficultly. As a result, the role of ROS in 
pathologic conditions has been inferred 
from the measurement of indirect markers 
such as lipid and protein oxidation and the 
activities of scavenging enzymes.  
 
In a report by Bailey et al (2006) cells of 
myeloid lineage (e.g., monocytes, 
macrophages and dendritic cells) are 
recognized as critical immune cells 
responsible for a wide range of both innate 
and adaptative immune functions. They play 
an important role in the initial HIV infection 
and therefore contribute to its pathogenesis 
throughout the course of infection. Infected 
circulating monocytes are also recruited to 
the gastrointestinal tract. They later 
differentiate into macrophages and form 
the HIV-1 reservoir of the intestine. 

Dendritic cells are also involved in the 
dissemination of HIV-1 following primary 
infection. After capturing viruses at the site 
of infection, mature dendritic cells migrate 
into lymph nodes where they participate in 
the transmission of HIV-1 to CD4+ T cells. 
Mature myeloid dendritic cells located in 
lymph nodes can sustain a very low level 
virus replication and therefore have a 
potential role in HIV-1 latency and/or 
ongoing replication. The mechanism of this 
viral persistence is not yet known. 
Macrophages harbouring the CD4 receptor 
and CCR5 coreceptor are now recognized 
as early cellular targets for HIV-1. These 
cells are able to produce and harbour the 
virus for a longer period. Haematopoitic 
cells (HPC) have also been proposed to 
serve as a viral reservoir, since a 
subpopulation of CD34+ HPCs express CD4 
and CCR5 and/or CXCR4 and these cells are 
susceptible to HIV-1 infection.   
 
Protective mechanisms against pathogens 
include the generation of ROS whatever 
their origin, and they may play a role in 
several cell processes including signalling, 
proliferation and death.  
 
Almost cells who internalise HIV activate a 
ROS generating NADPH oxidase enzyme 
(NOX2,gp91 phox ) and others which in turn 
contribute to the ROS increase production.  
   
Larbi et al (2007) and also Block et al 
(2002) proposed that T cell signalling, 
metabolism and function are influenced by 
such environmental changes. Because T 
cells are present in the inflammatory site 
they also experiment ROS attack. The ability 
to cope with ROS-induced OS will depend 
on protective mechanisms the cell can 
provide suggested by Valko et al (2007). 
Mammalian cells are able to activate 
protective mechanisms to cope with this 
stress, first by activation specific signal 
transduction pathway. This involves 
activation of factor to control transcription 
of a range of target genes which encode 
products to mediate biological responses to 
oxidative stress. Applying low stress levels 
can result in increased resistance to 
subsequent otherwise lethal higher stress 
levels, a process known as hormesis, which 
is thought to be an adaptation mechanism. 
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 Chronic immune activation during HIV 
infection mediates ROS increase production 
which in turn modulates and activates 
nuclear transcription factors, which 
ultimately lead to viral gene expression 
reported by Gendron et al (2011) and Ma 
(2010). HIV replicates in activated cells, and 
there is an intriguing interplay between HIV 
replication and immune activation. HIV-
infected patients have elevated levels of 
polygonal immunoglobulins demostrated by 
Le Douce et al (2010).  
 
The pathway involving NF-κB activation in 
monocyte cells and primary macrophages 
during HIV-1 infection have been showed 
by Dröge et al (1991). Persistent HIV-1 
infection of macrophages results in 
increased levels of NF-κB in the nucleus 
secondary to increased inhibitors (IκBα, 
IκBβ, and IκBε) degradation, a mechanism 
postulated to regulate viral persistence. 
Then, as the synthesis at the transcriptional 
level proceeds, replication is negatively 
controlled by Bcl-2 to reach a balance 
characterized by low virus production and 
higher Bcl-2 and TRX levels resulting in low 
but sustained viral production compatible 
with cell survival. 
 
It has been demonstrated by Gendron et al 
(2011) that HIV-1 internal ribosome entry 
site (IRES) located in the 5’unstransleted 
region is activated during viral infection. OS 
caused by HIV infection increases the 
activity of the wild-type IRES. Those distal 
long terminal repeat (LTR) binding sites 
upstream of the transcription nuclear factor 
kappa B (NF-κB) binding site are essential 
for the efficient transcription in monocytes 
and macrophages. In addition to NF-κB and 
Sp1 binding, NF-IL6 and/or USF protein 
binding to the LTR modulatory region are 
essential for HIV-1 transcription. 
 
It has been proposed by Larbi et al (2007) 
that tumour necrosis factor alpha (TNFα)-
induced NF-κB activity might be involved in 
the apoptosis inhibition of macrophage 
versus T cells in the context of chronic 
immune activation. Also Ushio (2009), 
Cross and Templenton (2004) and Trinei et 
al (2002) reported that the survival 
mechanism of monocytes and macrophages 
even if TNFα is best known as a pro-

inflammatory mediator capable to induce 
apoptosis. Cross and Templenton (2004), 
and Desrosiers (1999) mentioned that HIV-
1 could manipulate the apoptotic machinery 
to its advantage inducing a dual regulation 
of the antiapoptotic protein Bcl-2, resulting 
in persistent infection of monocytic cells. 
HIV-1 infection first results in a decrease of 
Bcl-2 and TRX, permitting an initial boost of 
replication. 
 
T cells undergoing many successive cell 
divisions during adaptive immune 
responses are subject to proliferative stress 
reaching limit of replicative senescence. OS 
in turns lead to expression of Fas/cd95 
receptor which reacts with Fas ligand 
overexpressed too and activates a 
mechanism of apoptosis for both 
uninfected and infected CD4+ T 
lymphocytes. Those conditions are 
considered the hallmark of HIV progression 
suggested by Ma (2010). Authors recognize 
OS implications in HIV infection related to 
viral replication despite CD4+ T cell 
apoptosis. Authors as Jaworowsi and Crowe 
(1999), Mollace et al (2002), Grossman et al 
(2002), Gendron et al (2011), Ma  (2010), 
Sloand et al (1997) and Zhang et al (2011) 
provide in vitro evidences in relation to 
infection-induced OS contribution to CD4+ 
T lymphocytes depletion by increasing their 
rate of apoptosis; particularly by Fas/APO-
1/CD95 mechanism. The pro-oxidant 
stimuli increase the pathogenic effects of 
HIV which is associated also with a 
progressive increase of plasma viral load.  
 
Halliwell (2006) showed that enzymatic 
antioxidants include SOD, catalase (CAT), 
peroxidase, and some supporting enzymes. 
The non-enzyme antioxidants can be 
further classified into directly acting 
antioxidants (e.g., scavengers and chain 
breaking antioxidants) and indirectly acting 
antioxidants (e.g., chelating agents). The 
former are extremely important as defenses 
against OS. This subgroup currently 
contains several hundred compounds. Most 
of them, including ascorbic and lipoic acids, 
polyphenols, and carotenoids derived from 
dietary sources. Also Ushio 2009 proposed 
that the cell itself synthesizes a minority of 
these molecules, such as GSH and NADPH. 
In other report by Valko et al (2007) 
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antioxidant vitamins constitute important 
components of the body’s non-enzymatic 
antioxidant systems. Ascorbic acid (vitamin 
C), α-tocopherol (the principal constituent 
of vitamin E), and β-carotene (pro-vitamin 
A) are the best studied natural antioxidants. 
The sustained ROS increase generation 
during HIV infection lead to antioxidant 
consuming and its mean consequence is 
damage to cellular components.    
 
Proteins modified by ROS exhibit altered 
structures, undergo spontaneous 
fragmentation, manifest increased 
proteolytic susceptibility, and loss of 
function. Oxidative protein damage has 
been found to be high in specific humans 
regions and to be elevated during aging, 
neurodegenerative disorders and HIV 
infection reported by Roberts et al (2010) 
and Block et al (2002). Phospholipids of 
biological membranes are highly 
susceptible to oxidation by ROS and also are 
involved in the process known as lipid 
peroxidation. This is a free radical mediated 
pathway and its final products are used as 
an index of irreversible damage of cell 
membrane phospholipids published by 
Roberts et al (2010) and Block et al (2002). 
Oxidative modification to DNA and its 
consequences such as gene mutation and 
DNA deletions have long been implicated in 
the pathogenesis of a variety of human 
disorders associated with mitochondrial 
dysfunction and aging showed by 
Devasagayam et al (2004). Oxidative 
damage to DNA can be variable, producing 
structural injure such as strand breaks, 
protein/DNA cross-links, and/or 
modification of base pairs. 
  
OS is thought to be responsible, at least in 
part, for cellular senescence. Aging is 
associated with a loss in protective 
immunity mainly characterized by poor T 
cell responses to stimulation, low responses 
to vaccination and accumulation of CD8 
cells which seem to be in a state of 
replicative senescence. Several hypotheses 
have been proposed by Roberts et al 
(2010), Block et al (2002), Kregel and 
Zhang, (2007) and Tchkonia et al (2010) to 
explain this, with the role of chronic 
proliferative and OS featuring as a major 
factor.  

Several studies by Sonnerborg et al (1988), 
Pasupthi et al (2009), Coaccioli et al 
(2010), Awodele et al (2012), Redhage et al 
(2009), Wanchu et al (2009) and 
Stephensen et al (2007) found that both 
asymptomatic HIV-infected individuals and 
AIDS patients had higher levels of OS, as 
indicated by increased plasma metabolites 
of lipid peroxidation and/or reduced 
antioxidant levels, compared with healthy 
controls. A reduced plasma GSH and total 
antioxidant concentration, increased MDA 
and peroxides concentrations and altered 
CAT and SOD activity have been 
demonstrated. These findings could be 
explained in part by several mechanisms 
such as low intake of antioxidant or their 
precursors, malabsorption and, in 
peripheral tissue, enhanced cysteine 
metabolism with a consequent loss of 
sulphur-group may account for GSH and 
antioxidant deficiency during HIV infection. 
Abnormally high levels of ROS as a 
consequence of chronic immune system 
activation by HIV infections have been 
proposed by Pasupthi et al (2009) and 
suggest it could lead to a decline of 
antioxidants defence molecules and 
accumulative damage of cellular 
components generating augmented lipid 
peroxidation products, oxidized proteins 
and altered DNA sequences. Almost redox 
implicated enzymes and molecules 
physiologically endogenous generated are 
involved in detoxification and general 
metabolism which could be altered too. 
Guaraldi et al (2011) and Gil (2011) argue 
that persistent OS have a dramatic impact 
on immunological, clinical and nutritional 
status in HIV infection. Romero-Avila and 
Roche (1998) Dröge et al (1991) and 
Capeau (2011) recognized that OS caused 
by the imbalance between the generation 
and detoxification of ROS, could be related 
to premature aging, dementia, and other 
related adverse conditions and 
comorbidities during HIV infection.    
 
Observations that direct oxidant challenge 
mimics many of the cellular and 
transcriptional change seen with aging also 
strengthen the link between OS and the rate 
of aging. The increase ROS generation at a 
given anatomical site may cause a redox 
mediated dysregulation at multiple and 
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distant anatomical sites of the organism 
suggested by Droge (2002) and M (2010). 
Major chronic disease such as cancer, 
cardiovascular disorder, neurodegeneration, 
and waste syndrome incidence increase 
rapidly in HIV patients and also resound in 
mortality have been observed in first years 
of the infection (natural infection).   These 
observations support the notion of OS as a 
common underlying mechanism for 
premature aging.     
 

Antiretroviral Treatment in HIV 

 
ARV therapy in HIV-infected individuals has 
changed dramatically over the past several 
years, from monotherapy in the 1990s to 
the current use of combination regimens of 
different class of anti HIV drugs referred by 
Reports of CDC (2009). 
 
ART induces meanly a biphasic decline of 
HIV-1 RNA with a rapid decline of infected 
CD4+ T cells (half life 0.5 day) followed by a 
decline originating from infected tissue 
macrophages (half life 2 weeks) reported 
by Hammer et al (2008). 
 
UNAIDS epidemic update (2011) and De 
Clerq (2009) mentioned that Nucleoside 
Reverse Transcriptase inhibitors (NRTIs), 
found to be effective in inhibiting the 
replication of HIV. Azidothymidine (AZT, 
zidovudine) was the first (1987) of a long 
list of 2’,3-dideoxynucleoside analogues as 
ddI (didanosine), ddC (zalcitabine), d4T 
(stavudine), 3TC (lamivudine), abacavir 
(ABC), and emtricitabine ((-) FTC) which  
were introduced in HIV treatment.  
 
All NRTIs have in common that they have to 
be phosphorylated intracellularly, 
successively to the 5’mono-, 5’-di- and 5’-
triphosphate, before the latter, can interact 
with the HIV reverse transcriptase (RT). As 
an alternate substrate/competitive 
inhibitors act as obligatory chain 
terminators. In this form they compete 
with any of the natural substrates (dTTP, 
dCTP, dATP or dGTP) for the HIV RT 
reaction. The initial wave started by the 
description of AZT, still continues to 
stimulate new attempts to launch new 
NRTIs. 
 

Nucleotide reverse transcriptase inhibitors 
(NtRTIs) should be considered as nucleotide 
analogues that contain a phosphonate 
moiety instead of the readily hydrolysable 
ester linkage present in the nucleotide form 
in which the NRTIs are finally incorporated 
into the DNA. The NtRTIs belong to the 
acyclic nucleoside phosphonates (ANPs). 
Two of those ANPs are currently on the 
market as NtRTIs: adefovir (PMEA) and 
tenofovir [(R)-PMPA]. Like the NRTIs, the 
NtRTIs eventually act as obligatory chain 
terminators in competition with dATP, but 
the NtRTIs need only two phosphorylations 
to be converted to their active 
(diphosphate) form, since they are already 
phosphonylated in their parental form. 
When it’s finally incorporated as chain 
terminator into the DNA, they are 
incorporated via this phosphonate group 
which makes their excision by exonucleases 
more difficult than if they were 
incorporated via the readily cleavable 
phosphate group. 
 
Also UNAIDS epidemic update (2011) and 
De Clerq (2009) published that the target 
for the anti-HIV-1 action of the non 
nucleoside reverse transcriptase inhibitors 
(NNRTIs) was identified as an allosteric site, 
distinct, but a close distance, from the 
catalytic site. Nevirapine (Viramune1), 
delavirdine (Rescriptor1), efavirenz 
(Sustiva1, Stocrin1) and etravirine 
(Intelence1) are available at market.   
 
In CDC report (2009) and De Clerq (2009) 
protease inhibitors (PIs) were considered 
those compounds which can replace a 
peptide linkage [—NH—CO—] by an 
hydroxyethylene group [—CH2—CH(OH)—
] and saquinavir was the first PI to be 
‘rationally’ designed on this conceptual 
base. Then followed, all based on the same 
principle, ritonavir, indinavir, nelfinavir, 
amprenavir, lopinavir, atazanavir, 
fosamprenavir and darunavir; they all 
contain a central ‘core’ motif existing of a 
hydroxyethylene scaffold. The only 
exception to the rule is tipranavir which is 
based on a coumarin scaffold. PIs have been 
shown to fit snugly inside the active site of 
the dimeric aspartyl HIV protease.  
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There is actually one fusion inhibitor (FI) 
currently available for the treatment of HIV 
infections, and this is enfuvirtide (Fuzeon1), 
a polypeptide of 36 amino acids that is 
homologous to, and engages in a coil–coil 
interaction with the heptad repeat HR 
regions of the viral glycoprotein gp41 As it 
is not orally bioavailable, it must be injected 
parenterally (subcutaneously) twice daily.  
  
Co-receptors inhibitor (CRIs) interact with 
the co-receptors CCR5 or CXCR4 used by, 
respectively, M (macrophage)- tropic and T 
(lymphocyte)-tropic HIV strains (now 
generally termed R5 and X4 strains, 
respectively) to enter the target cells. 
Within the whole virus cell entry process, 
interaction of the viral glycoprotein gp120 
with the co-receptor occurs after the 
interaction of the viral glycoprotein gp120 
with the CD4 receptor and before fusion of 
the viral glycoprotein gp41 with the outer 
cell membrane. There is, at present, only 
one CRI available (licensed in 2007 for 
clinical use), which is the CCR5 antagonist 
maraviroc (Selzentry1) mentioned by 
UNAIDS report (2011). 
 
The first integrase inhibitor (INIs), 
raltegravir has been approved in 2007 for 
clinical use. The HIV integrase has 
essentially two important catalytic functions 
(30-processing and strand transfer). 
Raltegravir is targeted at the strand transfer 
reaction and it has proven highly effective 
in reducing viral loads in HIV-infected 
patients.  
 
De Clerq (2009) showed that ART treatment 
options are continually being updated 
because of availability of new medications, 
formulations, and dosing recommendations. 
Synergy, lower toxicity and prevention of 
drug resistance development have remained 
the main reasons for combining different 
anti-HIV drugs in the treatment of AIDS. 
Different classes of HIV inhibitors available 
i.e. NRTIs, NtRTIs, NNRTIs, FIs, CRIs and 
INIs, has increased far beyond any 
reasonable practicability the number of 
possible drug combinations. 
 
HAART has been associated with increased 
survival, reduction in opportunistic 
infections, improved growth and 

neurocognitive function, and improved 
quality of life. In others sense HAART 
produces maximal suppression of viral 
replication to prevent disease progression, 
preserve immunological function, and 
reduce the development of resistance. 

 
In UNAIDS report (2011) is reported that 
the optimal timing of HAART initiation is 
unknown and continues to be controversial. 
Current trends suggest movement toward 
earlier treatment in adults that will likely 
influence recommendations for initiation in 
children. 
 
The current recommendation for initial 
HAART is to use 3 drugs from 2 classes of 
drugs: a backbone of 2 NRTI combined with 
either a NNRTI or a PI. The optimal 
regimen depends on multiple factors 
including age; availability, and palatability of 
appropriate drug formulations; the potency, 
complexity, and toxicity of the regimen. 
Combinations of anti-HIV drugs are used 
during HIV infection evolution as clinical 
guidelines re- commend. 
 
In a research study by Bailey et al (2006) 
different reservoirs for virus persist might 
proposal: in anatomical sanctuary sites 
where drug penetration or potency is 
suboptimal; as integrated but 
transcriptionally silent provirus, maintained 
in long-lived cells or by homeostatic 
proliferation; or by low levels of ongoing 
replication that are incompletely 
suppressed by HAART. 
 
Anatomical sanctuary sites as a source of 
viral rebound were also briefly considered 
by Desrosiers (1999). Tissue levels of ART 
are considerably lower, especially in the 
brain and such tissues as lymph nodes than 
those in plasma. It is possible, then, that 
patients might experience ongoing viral 
replication in tissues even when it is not 
observed in blood. One argument against 
sanctuary sites as a location of ongoing 
replication and source of viral rebound is 
the ability of regimens that do not cross the 
blood–brain barrier very well to 
nonetheless suppress the virus below the 
limit of detection. 
 

 



Journal of Virology & Microbiology 8 
 

 

 

Toxicity during Antiretroviral Treatment 

and Associated Diseases. Clinical 

Evidences 

 

Roberts et al (2010) and Sahnoun et al 
(1997) showed that mitochondria are 
present in every eukaryotic cell (from 
hundreds to thousands) with the exception 
of peripheral red blood cells. It is believed 
that human cells can produce ~10 million 
ROS / mitochondrion / day. Mitochondrial 
ROS are produced during oxidative 
metabolism through the one electron 
reduction of oxygen (O2) to form O2˙-. The 
mitochondrial electron transport chain 
generates O2˙- predominantly at complexes 
I and III. ROS originating from 
mitochondria are thought to be important 
in both physiological (modulating cell 
differentiation and function) and 
pathological processes.  
 
Kohen and Nyska (2002) suggested a 
variety of cellular systems including NADPH 
oxidase, xanthine oxidase, uncoupled 
endothelial nitric oxide syntase (eNOS) and 
cytochrome p450 enzymes which can 
generate ROS also, but in most mammalian 
cells, mitochondria are the principal 
organelles for ROS production.  
 
Mitochondria contain a DNA-pool (mtDNA) 
distinct from nuclear DNA. DNA 
polymerase-γ is the enzyme that replicate 
and maintains mtDNA. The proteins 
encoded by mtDNA are involved in electron 
transport complexes of oxidative 
phosphorylation (OXPHOS). 
Phosphorylated- NRTI inhibition γ-DNA 
polymerase has been argued by Lee et al 
(2003), Coté et al (2003), Lagathu et al 
(2007), Caron et al (2008) and López et al 
(2002). This inhibition results in mtDNA 
depletions, altered in OXPHOS proteins 
synthesis, energy deprivation and tissues 
dysfunction. All contribute to increase the 
formation of ROS and respected OS.  
 
The OS effects due to phophorylated-NRTI 
mitochondrial toxicity may amplify some of 
the pathophysiology and phenotypic events 
in infection are proposed by Hulgan et al 
(2003), Miró et al (2005), Mallon (2007), 
Caron et al (2010), Lewis et al (2001), Day  

 
and Lewis (2004) and Masiá et al (2007). 
This aspect result in a new tissue target as 
treatment is prolonged with increased 
longevity from AIDS, resistance to NRTI 
appears, and AIDS become a relatively 
manageable chronic illness. 
   
One of the most vexing problems that have 
appeared in the HAART era is the 
occurrence of the HIV-associated 
lipodystrophy syndrome, the hallmarks of 
which are body shape and metabolic 
abnormalities that are likely to be 
multifactorial respect its origin. Mallon 
(2007), Miro et al (2005), Milazzo et al 
(2010) and Vassimont et al (2010) 
mentioned that the body shape 
abnormalities in HIV evolution include 
subcutaneous fat atrophy and visceral or 
central fat accumulation. The metabolic 
abnormalities include elevations in serum 
triglycerides and total cholesterol, 
suppression of serum high-density 
lipoprotein cholesterol levels, and 
hyperinsulinemia in normoglycemic 
individuals. There are also reports of 
chronic asymptomatic elevations in serum 
lactate (probably associated with the use of 
NRTIs) and decreases in bone density. 
 
It has been proposed that adverse effects to 
ARV (including myopathy, cardiomyopathy, 
anaemia, hyperlactataemia/ lactic acidosis, 
pancreatitis, polyneuritis and 
lipodystrophy) could be mediated by 
mitochondrial (mt) toxicity. Several studies 
relating OS with HAART associated to 
mitochondrial dysfunction were published 
by Masiá et al (2007), Ngondi et al (2006), 
Mandas et al (2009), Gil et al (2011), 
Lagathu et al (2007) and Sundaram et al 
(2008). Although the relation is proposed 
there is still a debate about whether it plays 
a direct role in HAART toxicity. The 
mechanism is unclear. DNA pol γ inhibition 
favours to an energy deprivation and 
increase ROS formation. OS-mediated cell 
damage results in part via ROS reactions 
mainly due to NRTI. This antiviral class has 
been implicated as a cause of several 
insidious and sometimes irreversible 
chronic toxicities demonstrated by 
Vassimon et al (2010).              
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Reports by Gil et al (2011), Masiá et al 
(2007) and Ngondi et al (2006) about 
HAART influences on OS indexes noticed a 
decrease in the antioxidant system, an 
increase in damaged molecules and a failure 
to repair oxidative damage. Ngondi et al 
(2006) assessed the effect of different 
HAART combinations in OS parameters and 
found an increase in lipid oxidation while 
antioxidants decrease. They showed 
significant differences in lineal association 
between some parameters as sulphydryls 
and albumin with CD4+ T lymphocytes 
count and with viral load. 
 
Hulgan et al (2003) quantified plasma F2 
isoprostanes as OS index. They planned 
different strategies and found that this 
index augmented in 120 HIV+ individuals 
treated with HAART but they could not 
distinguish differences due to drugs or 
HAART combinations. During long term 
follow-up Hulgan et al (2006) did not found 
association with peripheral neuropathy or 
cardiovascular risk in their studies context. 
Meanwhile Masiá et al. (2007) found 
increased plasma peroxide associated with 
established cardiovascular risk factors in 
the study context.     
  
Previous work by McComsey et al (2005) 
describe some clinical and metabolic 
benefits during replacement of antiviral 
treatment while others by Milazzo et al 
(2010), Yousefi et al (2011), Hurwitz et al 
(2007) and Gil et al (2005a) found clinical 
and metabolic benefits during dietary 
micronutrient intake improvement in 
treatment or naive patients. For several 
years, the attention of different research 
groups as Aukrust et al (2003), Hulgan et al 
(2006) and Hurwitz et al (2007) has been 
largely focused on damages induced by ART 
on mtDNA and on the consequence of its 
depletion. Reports show that OS caused by 
NRTIs can play an important role in the 
pathogenesis of lipodystrophy, and that 
part of the response (i.e., changes of gene 
expression that can be observed in adipose 
tissue) is not due to mtDNA depletion per se 
but to the response to ROS increase.   
 
The accumulation of oxidized mitochondrial 
proteins, typically observed with 
physiological aging mentioned by Lee and 

Wei (2007) or in age-related disorders 
reported by Block et al (2002), could occur 
at higher rate in lipodystrophy, and could 
significantly contribute to the pathogenesis 
of such a side effect of ART. 
  
Factors to be Considered during 

Antiviral Treatment Concerning 

Oxidative Stress Condition  

 
When patients are diagnosed as HIV+, 
therapy is initiated based on clinical 
assessment, CD4 + cell count and viral load 
and also are considered if HAART should be 
deferred. The HAART combinations applied 
vary depending on therapeutics objectives, 
cost and availability on the market as 
recommended by UNAIDS (2008) and WHO 
reports (2011). 
 
Apart from the toxic effects of ART, the 
development of new strains of the virus 
and subsequently resistance to available 
medications, especially in areas with 
acceptable coverage of the therapy, 
indicate that in addition to ART, other 
alternative therapies are needed in this 
regard as proposed Aquaro et al (2008) 
and Edeas et al (2010). 

 
Researches by Gil et al (2005), Milazzo et al 
(2010), Mandas et al (2009) and Sundaram 
et al (2008) showed that highly oxidative 
state during the progress of HIV infection 
can be promoted by the host. Thus, treating 
the patients with antioxidants since early 
stages of the disease is believed to be 
beneficial argued by Tang et al (2005), Gil 
et al (2005a) and Hurwitz et al (2007).  
 
Twenty-five years ago antioxidants are 
recognized that could influence on a disease 
process if ROS caused or significantly 
contributed to the progression of the 
disease published by Edeas (2009), Edeas et 
al (2010) and Gil et al (2005). Then, and 
now evidences support the view that 
increased ROS formation is usually a 
consequence of tissue damage by a disease 
or toxin. Sometimes it contributes 
significantly, more often it does not and, in 
some cases ROS may be exerting a 
protective role, e.g. by down-regulating 
inflammation. Under such circumstances, 
assuming that an administered antioxidant 
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could reach the site of increased ROS 
formation, it would at best marginally affect 
secondary tissue damage and could even be 
deleterious. Sometimes pro-oxidants might 
be more beneficial as suggested Ma (2010) 
and Milazzo et al (2010). Indeed, flavonoids 
may act just as much as pro-oxidants in the 
gastrointestinal tract and in cell culture 
systems as they do as antioxidants.  
 
Theoretical an OS enhance occurs as a 
dynamic process of immune reconstitution, 
too. In most of HIV patients the treatment 
aiming to reduce and control viral 
replication could produce clinical 
deterioration as newly inflammatory occurs 
when HIV becomes a chronic condition. 
Immune reconstitution is related to 
lymphocytes redistribution, systemic 
immune activation changes, modification of 
lymphocytes turnover rate, and others 
events proposed by Aquaro et al (2008) 
and, Kohen and Nyska (2002). This 
hypothesis will require larger prospective 
studies including immunological 
assessments.  
 
Long term clinical implications of OS and 
how it is related to ART therapy associated 
disease should be studied. The OS 
evaluations will therefore become potential 
utility factors to follow antiviral 
combinations effects, as well as the 
usefulness of antioxidant and alternative 
therapies. It is important during the 
antioxidant and micronutrient 
supplementation recognize between 
nutritional incidence of these factors for 
immune response as its use as preventive 
therapy. In terms of which the 
administration of vitamin and 
multifunctional antioxidant become 
advisable before initiation and during ART 
treatment.      
 
Clinical trials have been conducted to 
determine vitamin supplements with 
antioxidant action effect on HIV infection. 
Some experimental and epidemiological 
studies indicate beneficial effects of 
antioxidant vitamin supplementation on the 
progression of HIV infection reported by 
Milazzo et al (2010), Yousefi et al (2011) 
and Hurwitz et al (2007).  
 

Multivitamin supplementation, but not 
vitamin A with in certain limit could 
produces some alteration related to its 
accumulation in body, did appear to confer 
some benefits on HIV-infected women and 
their offspring. Multivitamin 
supplementation was associated with 
increased CD4+ cell counts, more weight 
gain during the third trimester of 
pregnancy, and improved birth outcomes 
(including higher birth weights and lower 
infant mortality). In populations of HIV-
infected patients treated with HAART, the 
role of OS in disease progression has 
become more complicated. Whereas HIV 
itself increases OS levels through 
replication, control of the virus with ART 
therapy may not, as one might expect, 
reduce oxidative damage levels, as the 
medications themselves may increase OS 
mentioned by Feng et al (2001) and 
Carcelain et al (2001). 
 
Micronutrients play a critical role in the 
maintenance of immune function (including 
mucosal immunity) and overall metabolism. 
With the complexity of HIV infection and 
treatment, and the pace of clinical research, 
it is not surprising that sophisticated 
studies of the role of micronutrients in HIV 
have lagged somewhat behind other areas 
of inquiry. Much credit is due to researchers 
who have been asking, and continue to ask, 
questions about micronutrient status and 
the progression of HIV infection. As HIV 
becomes a more chronic, manageable 
disease, and treatment becomes available to 
more of those infected throughout the 
world, it may be possible to begin to more 
precisely define the areas in which 
micronutrients may help to maximize the 
clinical status of HIV-infected patients. 
Studies to date reveal that this is a complex 
topic. For example, it is difficult to ascertain 
true micronutrient status, measures of 
intake are imprecise, recommendations for 
desired intakes vary, and surrogate markers 
of OS and strategy to valuate its references 
and deviation differ from one author to 
another. For HIV-infected individuals with 
adequate viral suppression, but inadequate 
CD4+ cell counts, micronutrients could play 
a role in boosting the immune response 
demostrated by Valko et al (2007) and Tang 
et al (2005). 
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As HIV-infected individuals co-exist with 
chronic viral infection and chronic ART 
therapy that in turn increase OS, the need 
to examine creative interventions to 
minimize long-term complications such as 
fat atrophy, insulin resistance, lipid 
abnormalities are becoming increasingly 
important. The role that micronutrients 
with antioxidants potential, may play in 
modulating these toxicities is not yet clear 
and should be studied. In addition, for the 
patient with multiple chronic viral 
infections, such as HIV and hepatitis B 
and/or C, micronutrient supplementation 
may also be beneficial in minimizing the co-
morbidities associated with these co-
infections. As the HIV-infected population 
ages, and the risk of cardiovascular disease 
increases, the general strategy and 
combination of the OS counteracts 
interventions represent an important 
complementary deal for HIV infection 
treatment.      
   
In conclusion, the knowledge on HIV 
physiopathology in general and the 
recognition of OS implications on it, has 
gained tremendously advances. This has led 
to improvements in specific and alternative 
treatments which influences on declines in 
HIV morbidity and mortality. The ability to 
combine diagnostic indexes in order to 
integral view approach represent valuable 
tools both for understanding the pathogenic 
actions of the virus and for the clinical 
monitoring of HIV-infected patients. The 
optimal use of these tools in the clinical 
setting, however, still remains to be defined. 
Beneficial of counteract OS strategy have to 
be better designed and proved in terms to 
contribute to ameliorate morbidity and 
improve quality of life in HIV infection. 
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