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Abstract

Introduction: Human immunodeficiency virus (HIV) and Mycobacterium tuberculosis coinfection generates
sustained inflammation with increased reactive oxygen species production. Pathogenic impact of systemic
oxidative stress is recognized to influence on drug treatment and follow up. The aim of this case control study
was to determine the redox status in Tuberculosis (TB)-HIV individuals and to explore relation between redox
and HIV follow-up variables.

Methods: Blood samples were drawn from 75 individuals divided into three groups: HIV, TB-HIV and
presumable healthy subjects. Redox, hematological, hemochemical, immunologic and virological indexes
were determined.

Results: Relative to the control group, both HIV groups had significant differences in global indexes of
damage and antioxidant status (p< 0,05). TB-HIV group showed a significantly higher damage (Total
peroxide, advanced oxidation protein products) and lower antioxidant enzymatic activities compared to the
control and HIV group’s (p< 0,05). Global modification of redox indexes showed 24 % of individuals with
simultaneous detrimental differences related to HIV TB condition.

Conclusions: These results corroborate that oxidative stress occurs in HIV condition and also during TB-
HIV co-infection with different molecular changes of follow-up indexes. Redox indexes diagnosis should be
considering in early diagnosis and treatment of TB-HIV co-infection, which would be worthwhile to conduct a
more comprehensive study and manage of infection.
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1. INTRODUCTION and the antioxidant defense mechanisms
affecting redox circuits and modulating
transcription factors or not influencing cellular
survival, adaptation or death response (12-16).

Mycobacterium  tuberculosis (Mth) is a
recognized facultative intracellular bacterium
that replicates and persists within macrophages.
To survive, the bacterium must sense and adapt
to the oxidative conditions. Several antioxidant

The dire increase of infected people with
Human  immunodeficiency  virus  (HIV)
worldwide is not limited to a particular racial
group, country or community even though
multidimensional efforts have been made to
combat this disease (1-3). Diverse authors have
contributed to observations that reactive oxygen
species (ROS) production are also increased

during HIV infections and oxidative stress (OS)
resulting could drive disulfidle CD4
modification, necessary for HIV entry on host,
CD4 T Ilymphocyte depletion and also viral
replication causing a predisposition to
opportunistic infections and malignancies (4-
11).

OS occurs when there is a dysfunction in the
overall balance between the production of ROS
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defenses including a thick cell wall, small
molecule thiols, and protective enzymes are
known to help the bacterium withstand OS. Mtb
induces ROS production by activating both
mononuclear and polymorphonuclear
phagocytes which may promote tissue injury
and inflammation in affected individual (17-20).
This further contributes to immune suppression,
particularly in those with impaired antioxidant
capacity, such as HIV infected patients (21-23).
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Tuberculosis (TB) caused by Mtb infections
remains a major health problem and the cases
occur predominantly in the economically
productive 15 - 49 years age group. TB is
characterized by poor antioxidants defense that
exposes to oxidative host tissue damage
affecting organs function aggravating up
condition (24-26). It has been reported that the
bactericidal potency of the myeloperoxidase-
H,0,-halide system of neutrophilic granules
exert bactericidal activities of the phagocytes
that invariably produced increased ROS during
phagocytic respiratory burst and it could
produce significant reduction of enzymatic
antioxidants (superoxide dismutase, catalase)
and non-enzymatic antioxidants (glutathione)
such as well as high malondialdehyde (MDA)
concentrations suggesting increased generation
of ROS due to lipid peroxidation which may
contribute to the development of lung functional
abnormalities (27-30).

In response to mycobacterial infection, parallel
with ROS, another major antimicrobial pathway
through inducible nitric oxide synthase (iNOS)
leads to increased production of nitric oxide
(NO), which further react with each other to
produce highly ROS (peroxinitrite (OONO").
Bacterial pathogens as Mth have been
developed strategies to counteract production of
host ROS, which interfere with the synthesis of
these products, catabolize or repair the damage
caused by them. A poorly understood aspect of
Mtb is the exact mechanism of how it detects
and evades the host immune system. But it is
known that for survive inside macrophages; Mth
must withstand ROS produced by phagocyte
oxidase = (NOX2/gp91lphox) and reactive
nitrogen species produced by iNOS in the
macrophage. The bacterium possesses several
antioxidant defences including, protective
enzymes such as catalase (KatG), superoxide
dismutases (SodA and SodC), thioredoxins
(Trx), peroxidase and peroxynitrite reductase
complex (AhpC, AhpD, SucB, and Lpd),
millimolar concentration of mycothiol and
DNA-binding proteins such as Lrs2. Both
reactivation of latent Mtb infection and
progressive primary TB are substantially more
common in HIV-1 infected subjects (31-35).

Like HIV infection, TB also has a long latency
period with symptomatic presentation occurring
from 3 months to decades after establishment of
the infection. The only vaccine, developed more
than a century ago, provides limited protection
only during childhood. Curing TB requires
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prolonged combination of chemotherapy with
several drugs mainly antibiotic (21). Moreover,
monitoring the success of therapy is
questionable owing to the lack of reliable
biomarkers. Although in developed countries,
the rates of infection has fallen in the past
century, the number is now again increasing
which results in over 2000 deaths annually and
an estimated 10 infections per 100,000 persons
due to changes in social structures in cities, the
HIV epidemic, and failure to improve treatment
programs (3,15). To change the situation, a
detailed understanding of the crosstalk between
human host and the pathogen Mtb s
encouraged.

Patients with HIV-TB could present a range of
presentations, including classical pulmonary
TB, and various forms of extrapulmonary
disease. Inappropriate treatment regimens and
patient poor-compliance have led to the
appearance of drug resistant TB (21).

Data that support the contribution of OS in TB-
HIV pathogenesis has also been accrued at the
cellular biochemical level (29, 30, 36-38).

Inflammatory reactions combined with the
disruption of the organism’s control mechanism
could lead to a persistent pro-inflammatory state
as, evidenced in a wide range of diseases that
involve no-resolving or re-occurring reactivities
(12, 13). Consistent changes in redox responsive
cascades and in the expressions of
corresponding target genes may have a similar
or even greater impact on senescence as the
direct radical inflicted damage of cellular
constituents (15,16).

OS has been shown to enhance HIV replication,
to induce the production of several
inflammatory cytokines, to promote lymphocyte
apoptosis and T cell dysfunction and could
therefore  contribute to increased viral
replication and progression of
immunodeficiency in patients dually infected
with HIV and TB (4, 11)

Gouripur et al and Madebo et al showed higher
concentrations of MDA in co-infected patients
respect HIV-seronegative TB patients, possibly
reflecting increased OS in the former group. In
addition ongoing TB infection has a greater
impact on antioxidant status of HIV infection
(29, 39). Madebo et al also reported that,
concentrations of antioxidant vitamins and
several thiol compounds were lower (39).
Awodele et al reported that there is lower
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antioxidant  potential and  higher lipid
peroxidation in HIV-TB co-infected patients as
compared to the HIV patients and the
seronegative patients  (36). Considering
backgrounds the aim of the study was to assess
the redox status in HIV-TB Cuban individuals
and compare to HIV positive patient and
supposedly health volunteers. In addition follow
up clinical biomarkers were evaluated. All data
were statistical analyzed and relation between
these variables was explored.

2. EXPERIMENTAL PROCEDURE

2.1.Study  Design, Standard
Approvals and Patient Consents

Protocol

A case control study was designed enrolling non
HIV and unrelated HIV-aids positive
individuals. All the patients were selected from
the out-patients clinic at the Institute “Pedro
Kouri” (IPK) Hospital for HIV. They all gave
written informed consent to take part in the
study after verbal and written explanation of the
methods and risks involved were given. The
work was developed by a multidisciplinary
group, including clinical experts in HIV/aids
management.  Procedures were previously
reviewed and approved by the Institute “Pedro
Kouri” Committee for Research on Human
Subjects considering one year for inclusion. The
study is in accordance with the principle of the
Declaration of Helsinki concerning the Ethical
Principles for Medical Research Involving
Human Subjects. The protocol was also
approved by Determinant program of Cuban
Ministry of Health (Code 151068).

2.2. Patients

Non probabilistic convenient sampling was used
in according to the assistance of patients to the
specialized consult in tertiary Hospital. The
inclusion criteria for TB-HIV were typical
pulmonary tuberculosis symptoms: 1- chest
radiographs showing fibrous cavitary pulmonary
infiltrates and 2- sputum specimen at least
positive for acid-fast bacillus through Ziehl-
Neelsen staining. The exclusion criteria were as
follows: 1- smokers, 2- history of drug use
(including vitamins, iron, and antibiotics), 3-
blood transfusion history and no recent
bleeding, 4- not pregnant and lactating, 5- not
menstruating during blood acquisition, 6-
previously receiving pulmonary tuberculosis
treatment, and 7- patients with lung pathology.
Seventy five subjects ranging from 30-50 years
of age were enrolled sequentially. All subjects
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were assessed at the clinical visit.
Anthropometry and laboratory tests were
performed. Fifty subjects were HIV+, 25 were
classified as aids and the others 25 were HIV
with active pulmonary tuberculosis (TB-HIV)
(confirmed TB and HIV test). Twenty five
subjects were randomly selected age—matched
healthy individual with serological evidences for
HIV and/ or HCV negative infection and no
abnormal laboratory values were finding.

Patients underwent a screening, which included
the evaluation of their medical records, diet, and
supplemental intake history, anthropometrics
data (weight, height), and review of clinical lab
results (complete blood count, glucose,
creatinine, urea, liver enzymes). Demographic
and age data were processed by SIDATRAT
(software package 2008). Subjects were
classified according to gender, age, ethnicity,
viral load and CD4+ T lymphocyte subset count.

2.3. Treatments

The ARV regimen consisted of a triple-drug
combination allocated free, including two
nucleoside reverse transcriptase inhibitors (IRT)
and one protease inhibitors (PI), according to
current guidelines were prescribed. The
antiretroviral drugs used in the different
combinations were prescribed daily at the
following doses: RTIs zidovudine 600 mg,
lamivudine 300 mg, didanosine 400 mg, Pls
indinavir 2400 mg, ritonavir 1200 mg,
saquinavir 2400 mg, nelfinavir 2250 mg.
Patients also were oriented to use anti-
tuberculosis drugs (rifampicin, isoniazid, etc)
according ARV regimen established.

2.4. Flow Cytometry Analysis

A study of T lymphocytes subsets CD3+/CD4+
in total blood was carried out. For each T
lymphocyte subsets TM CD3 CD4 were used.
These analyses were performed on a Cyflow
Space Cytometer (PARTEC GmbH, Minster,
Alemania) by FloMax 2014, WVersién 2.9
program.

2.5.HIV-RNA Plasma Viremia (Viral Load)

Viral load was determined with the Biomerieux
polymerase chain reaction (PCR-NASBA)
ultrasensitive assay with the lower limit of
guantification of 50 1U.

2.6. Oxidative Stress Parameters

Venous blood samples were taken from each
fasted patient between 8.00 and 10.00 hours
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morning after informed consent was signed.
Blood samples were collected by venipuncture
into heparin-treated tubes and centrifuged to
obtain serum.

For assay of SOD and CAT hemoglobin was
extracted from haemolysate. For the rest of
analysis, 3 mL of serum were employed. Serum
samples were frozen at - 70°C and protected
from light exposure until analyses were carried
out.

All redox parameters were determined by
spectrophotometric methods using an Ultrospect
Plus Spectro-photometer from Pharmacia LKB.

2.7.Glutathione Concentration

GSH from Sigma, St. Louis, M.O., USA was
used to generate standard curves. Serum GSH
concentrations were measured by the kinetics
assay using the glutathione reductase reaction
(40). Autoxidation of GSH to GSSG was
prevented by addition of N-ethylmaleimide to
the samples.

2.8.Malondialdehyde Concentration

Malondialdehyde (MDA) concentrations were
analyzed with the LPO-586 kit obtained from
Calbiochem (La Jolla, C.A., USA). In this assay,
stable chromophore production after 40 min of
incubation at 45°C is measured at a wavelength
of 586 nm by Pharmacia Spectrophotometer. To
ensure that no lipid oxidation occurs during the
assay, BHT [0.01% (v/v) of a 2% stock solution
in ethanol] and EDTA (1 mM final
concentration) were added to the sample prior to
assay develop. Freshly prepared solutions of
malondialdehyde bis [dimethyl acetal] (Sigma,
St. Louis, M.O., USA) assayed under identical
conditions were used as reference standards.
Concentrations of MDA in serum samples were
calculated using the corresponding standard
curve and values were expressed as nmol g™ Hb
(41).

2.9. Peroxidation Potential (PP)

For the determination of the susceptibility to
lipid peroxidation, serum samples were
incubated with a solution of cupric sulfate (final
concentration of 2 mM) at 37°C for 24 h. The
PP was calculated by subtracting the MDA
concentration at time 0 from the one obtained at
24 h (42-43).

2.10. Total hydroperoxide (HPO)

HPO was measured based on the oxidation of
ferrous ions to ferric ions by hydroperoxides
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under acidic conditions. Ferric ions bind with
the indicator dye xylenol orange (3,3'-bis(N,N-
di(carboxymethyl)-aminomethyl)-o-
cresolsulfone-phatein, sodium salt) to form a
stable colored complex which can be measured
at 560 nm (44).

2.11. Superoxide dismutase (SOD)

SOD activities were assayed by a modified
pyrogallol autoxidation method (45).

2.12. Catalase (CAT)

CAT activity was measured according with the
method of Clairbone. Using a molar extinction
coefficient of 43.6 M-1 cm-1, the rate of the first
30 s was used to calculate the activity. Catalase
activity was expressed as U mg-1 Hb (46).

2.13. Advanced Oxidation Protein Products
(AOPP)

Serum AOPP was measured according to the
methods of Witko-Sarsat et al (47). The values
were expressed in chloramine T equivalents and
corrected by serum albumin concentrations.

2.14. Biochemical Indexes

Blood parameters such as hematocrit,
hemoglobin, and erythrocyte sedimentation rate
(ESR) were screened by Hematological counter
MICROS 60. Others as triglycerides, creatinine,
cholesterol, glucose, uric acid, urea, albumin,
alkaline phosphatase, Gamma-Glutamyl (GGT),
aspartate or alanine aminotransferase activity
were performed by standard procedures in
HITACHI analyzer 912, all in a specialized
laboratory of IPK Hospital.

2.15. Statistical Analyses

For descriptive statistics of continuous
variables, means and standard deviations were
calculated, whereas categorical variables were
expressed as proportions. The normality of
variables was evaluated by the Kolmogorov-
Smirnov test. Comparisons between the cases
and control groups were assessed using Kruskal-
Wallis test followed by a post hoc Dunn's
Multiple  Comparison  Test. Statistical
significance was defined as p < 0,05. Pearson
correlation coefficient were used to determine
the relationship among the different parameters
combining redox and follow up indexes. The
SPSS software package version 20 and
GraphPad Prism was used for all statistical
analyses.
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3. RESULTS
Tablel. Age, Gender, Ethnicity and Body Mass Index of Participants Attended in IPK at 2015
Seronegative HIV -supposedly healthy HIV patients Tuberculosis-
volunteers HIV patients
N 25 25 25
Age, years (median = SD) 40.92 + 5.25 44.32 + 10.66 42.16 £ 14.06
Gender Male 20 21 22
Female 5 4 3
White 18 20 18
Ethnicity [ Mixed race 4 3 4
Black 3 2 3
Body mass index (kg/m?) 23.53+1.27 23.65+ 3.54 21.58+ 5.72

Legend: SD: standard deviation

Source: Clinical History deposed in Medical register department
IPK, 2015: Period of consults in Institute of Tropical Medicine "Pedro Kouri”™ was from January to August

2015.

Note: No significant differences were detected in comparison between variables for the different groups

(p>0.05)

The characteristics of the 75 subjects are
showed in Table 1. The values of the 25 HIV-
were considered as controls. There were no
statistical significant differences between the
groups according to demographics, gender, body
mass index (BMI) and number of patients
(p>0.05). Major percent of patients in three
groups were older than 38 years, skin color
white and were on normal-weight.

Almost no patients had a previous history of
opportunistic infections, except 7 patients whose
previously presented wasting syndrome (loss of
10 % of weight in about 2 months), for 18 TB
was the aids-defining illness (23).

The mean value of all biochemical, redox
indexes and HIV progression markers evaluated
for control and HIV groups are shown in Table
2 and 3.

Table2: Hematologic and Hemochemical Indexes Data in the Different Studied Groups

i i Tuberculosis-HIV patients
Hematologlc_ and Seronegative HIV - HIV patients (mean £ SD)/
hemochemical supposedly healthy o
. (mean £ SD) Percent of modification per
indexes volunteers (mean £ SD) s
individual
Hemoglobin (g/L)
(RI: 11.0-16.0) 13.45 £ 0.64 12.65 + 1.02 12.13+2.23
Erythrocyte
sedimentation rate .
(mm/h) 13.52 + 1.60 32,03+ 17.07* 52.70 £ 41.96
(R: M<15yF< (18/25) 72%
20)
Lymphocytes (%)
(RI: 17.0 — 48.0) 38.42+3.1 37.97+5.2 25.00 £ 11.16
Phosphatase .
Alkaline (U/L) 67.48 +42.18 126.27 + 67.86 1333+ 1168
(RI: 53-128) (9/25) 36%
Gamma-Glutamyl .
transferase (U/L) 33.86 +5.45 94.83+75.21 147.0 £ 129(;1
(RI: 0- 55.18) (17/25) 68%

Legend: SD: standard deviation
RI: reference interval

*: Represents significant differences (p<0.05) respect seronegative HIV-supposedly healthy group

Haemoglobin media values from TB-HIV and
HIV groups remained on interval considered as
physiological-reference  without  significant
differences (p > 0,05). Also hematocrit, platelet,
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percent of leukocytes, neutrophils, lymphocytes
and monocytes from TB-HIV group were on
interval considered as physiological-reference
without differences respect HIV group (p >
0.05).
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The same characteristic were found on LDH,
creatinine, albumin, uric acid, urea, glucose,
cholesterol, triglycerides, ASAT and ALAT
indexes values.

The ESR' mean values of HIV and TB HIV
groups were significantly higher (p<0.05)
respect control group and it was out of the
interval considered as physiological-reference
despite not significant differences were found
between them (p>0.05). GGT' and alkaline
phosphatase mean value of TB HIV group was

significant different respect HIV and control
groups and it was out of interval considered as
physiological-reference (Table 2).

PP is a global index. It assay serum antioxidant
capacity shows serum susceptibility to lipid
peroxidation. HIV and TB HIV patients had PP
significantly higher value, suggesting reduced
lipid-serum antioxidant capacity respect control
value (p<0.05). TB HV group PP wasn’t
significant different respect HIV group (p0.05)
(Table 3).

Table3. Redox Indexes and HIV Progression Markers Data in Different Studied Groups

Indexes Seronegative HIV -supposedly HIV patients Tuberculosis-HIV
healthy volunteers (mean + SD) (mean + SD) | patients (mean + SD)
MDA (nmol/g Hb) 2.29+0.36 7.49+2.09a 7.85+3.72a
HPO (M) 117.3+3.62 147+2194a 170.4+20.25ab
AOPP (M Cloramine T ) 13.85+2.76 22.39+5.63a 65.64+16.79ab
GSH (M/g Hb) 1204 + 225.8 440.5+26.15a 501.5+60.16 a
CAT(U/mg Hb min) 147.2 +24.44 306 £50.5a 357.2+27.16ab
SOD (U/mg Hb min) 2.97+0.86 3.79+13a 528+1.71ab
PP (M) 7.6+1.22 11.07+18la 11.33+2.61a
LTCD4 (cel/mm?) 1303 + 229.6 272.9+1639a 209.6+184.4a
VL (1U) - 15261 + 5239 25100 + 6298

Legend: SD: standard deviation

PP: peroxidation potential, CAT: catalase, SOD: superoxide dismutase, HPO: hydroperoxide,
MDA: malondialdehyde, GSH: glutathione, AOPP: advanced oxidation protein' product,
LTCD4: T CD4 + lymphocyte absolute count, VL: viral load.

Different letter represents significant differences (p<0.05):

a -represents significant differences respect control

b -represents significant differences respect HIV group
The immunologic and virological indexes not
showed significant differences between HIV
groups (p>0.05).

Simultaneous analyses of redox status permit to
identify 8 patients with SOD, CAT, HPO and
AOPP alterations which represent the 24 % of

the TB HIV group. Five patients presented
simultaneously alteration of ESR, ALP and
GGT. When analyses of risk association were
done oxidative damage and antioxidant
depletion are related of TB HIV condition
(Figure 1).

120%

Percent of TB HIv 100%7
individuals

40% -

2056 -

GGT VAR CLIM

Indexes

Figurel. Present of HIV/Aids Patients with Tuberculosis that Modifies Simultaneously Redox Indexes (AOPP,
HPO, CAT And SOD) and Some Clinical (ALP, GGT And ESR) Markers Respect the HIV/Aids Patients Group

Legend: AOPP: advanced oxidation protein' product, SOD: superoxide dismutase, GGT: Gamma-Glutamyl
transferase, HPO: hydroperoxide, VAROS: simultaneous changes in redox indexes, ESR: erythrocyte
sedimentation rate, VARCLIN: simultaneous changes in clinical markers, ALP: alkaline phosphatase, CAT:

catalase
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Correlation analysis showed significantly linear
Pearson coefficient for ALP-ESR, GGT-VL,
ESR-VL and VL-CD4 (p<0.05) (Table 4).

Positive correlations were found between ALP-
ESR, GGT-VL, ESR-VL and negative for VL-
CDA4.

Table4. Pearson Coefficients of Linear Correlation Related Biochemical, Immunologic and Virological Indexes
in HIV-TB Patients

GGT ALP ESR VL CD4
CAT 0.273 -0.015 0.031 -0.009 0.139
AOPP -0.169 0.013 0.038 0.102 -0.029
HPO 0.392 0.025 0.181 0.132 -0.363
SOD -0.245 0.084 -0.082 0.336 0.008
GGT 0.632 0.571 0.616 * -0.492
ALP 0.672 * 0.217 -0.433
ESR 0.448 * -0.328
VL -0.449 *

Legend: AOPP: advanced oxidation protein' product, SOD: superoxide dismutase, HPO: hydroperoxide, ESR:
erythrocyte sedimentation rate, ALP: alkaline phosphatase, GGT: Gamma-Glutamyl transferase, VL: viral

load, CD4: lymphocyte T CD4+ CAT: catalase
*. Represents signifcantive correlation (p<0.05)
4. DISCUSSION

Actually there are controversial data that
substantiate the association of OS and persistent
inflammation in  several human diseases
including HIV infection and co infected
conditions (15, 16). It has been previously
shown that the HIV-infected populations have
significantly lower antioxidant concentrations
than non HIV individuals (4,10, 11). Similar
alteration occurred in patient with antiretroviral
treatment and diverse clinical condition (7,8).
Altered redox metabolism may contribute to an
amplify  cellular damage resulting from
generation of oxidized products, some of which
are chemically reactive and lead to covalently
modifying critical macromolecules (12,13).

In the present study, the concentrations of
antioxidants in TB HIV coinfected patients were
also low refereed to total antioxidant capacity
and glutathione, lipid and protein oxidation
indexes were augmented too in HIV groups and
especially in TB HIV group. Between HIV
groups differences in redox indexes arise similar
to previous studies related to HIV TB
coinfection (36, 39). Persistent OS have a
dramatic impact on immunological, clinical and
nutritional status in HIV infection (11).

Previous reports address that OS could be
related to both, viral replication and also
implicated on cell apoptosis in HIV infection.
ROS could modulate and activate nuclear
transcription factors, which ultimately lead to
viral gene expression of HIV, and concomitant
to HIV-related opportunistic infections or
malignancies (5, 16).
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In the present study the reliable redox markers
altered in TB HIV respect HIV condition were
CAT and SOD activities and HPO and AOPP.
CAT and SOD increased activities in HIV Tb
patients differ from previous reports (29,36). It
is possible that differences are related to
enzymatic determination on plasma what could
indicate altered superoxide and peroxide
generation related to HPO index (14). Peroxide
and superoxide have the ability to generate
others reactive species by interacting with free
transition metals producing oxidative tension on
environment (16). Depletion of GSH and
antioxidant capacity in both groups evaluated as
PP could be related to its consumption by
increased chronicle generation of ROS. Respect
hematologic and hemochemical indexes ESR,
GGT and ALP showed alteration respect HIV
patients. ESR is unspecific index attributed to
infected condition in that case to TB HIV
patients. ALP activity modification could be
related to redox altered state with consequent
activation or deactivation of different
biomolecules by phosphorylation. GGT enzyme
increased activation could also be related to pro
oxidant condition, in which glutathione is used
as cofactor for detoxification of ROS or
conjugation reactions of different biomolecules
(12).

The clinical outcome of HIV-1 infection
contribute to exacerbate oxidative metabolism
adding risk of molecular damage and also
improving diverse virus replication or/and
bacterial reproduction accruing poly pathology
condition (11,23). These findings could be
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explained in part by several mechanisms such as
low intake of antioxidant or their precursors and
mal absorption. Additional in peripheral tissues,
enhanced cysteine metabolism  with a
consequent loss of sulphur-group may account
for glutathione and antioxidant deficiency
during HIV infection also persisting after
antiretroviral therapy (8,13) .

Abnormally high levels of prooxidant species as
a consequence of chronic immune system
activation by HIV infections could lead to a
decline of antioxidants defense molecules and
cumulative damage of cellular components
generating augmented lipid peroxidation
products, oxidized proteins and altered DNA
sequences (11). Almost redox implicated
enzymes and molecules are physiologically
endogenous generated and are involved in
detoxification and general metabolism (13).

Correlation analysis considering follow up and
redox indexes demonstrated linear interrelation
between some parameters. This analysis offers
an integral observation of multiple indicators.
Redox metabolites and its species interact very
quickly with biomolecules in cellular and fluid
microenvironment and also with antioxidants so
relation between different redox indicators could
be multifactorial and nonlinear. Others
indicators showed linear correlation which
determine functional relations. In that sense
interaction determine positive or negative
coefficient (16). Immune capacity diminish and
viral load increase occurred in both HIV-TB and
HIV group during oxidative condition.

Oxidative stress contribution evaluated as GGT
increased activity could be related to modulation
of transcription factors which in term influence
on viral gene expression (48).

Taking into account that causes of
polipathologies are complex and multifaceted,
the recognition of molecular and cellular concert
involved are crucial. A causal relationship
between some elements such as oxidative
macromolecules modifications, immunological
status and viral load has emerged but the
mechanism by which these molecular and
biochemicals events occur remain to be
established.

The OS evaluations will therefore become
potential useful to characterize infection,
antiviral combinations effects, as well as
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alternative therapies for counteracts oxidative
damage (15).

Some contributions have been exploring
mechanistic aspect of TB in vivo model for
research comprehensive understanding of in
vivo metabolism and repercussion of antioxidant
on infection and cell proliferation (18,19,28).
Despite these concerns, substantial progress has
been made toward an integrative understanding
to delineate mechanism considering OS and
prooxidant species as potential key participants
in TB evolution (26,27). In this sense significant
difference evidenced in some redox indexes
proved implications on HIV co infection
evolution (22, 29). Gaining in knowledge of
specific redox pathway and their relation to
other factors, investigators will be provided with
additional opportunities to impact both on
quality of life and related diseases in humans
and others species (15,38).

Several previous studies have been showed that
also antiretroviral treatment has additional
impact on pre-existing OS related to HIV
condition.

Although  huge  beneficial impact of
antiretroviral and antituberculosis treatment on
morbi-mortality has been associated, a
significant percentage of TB-HIV patients never
achieve total remission (3, 21, 34).
Understanding the interplay of bacterial and
host factors in TB pathogenesis is critical for the
rational effective intervention in future.

Considering previous elements some authors
have been suggested and evaluate through redox
indexes the use of antioxidants as agents which
might reduce the incidence of OS as
consequences of infection or treatment (49-54).

5. CONCLUSIONS

The present study contributes to evidences that
OS evaluated in blood by several parameters
could increase during TB HIV coinfection. It is
suggested that cumulative damage reported had
direct impact on functional efficiency of cell and
tissues. Metabolic abnormalities as altered redox
indexes remain an important part of
complications in  HIV infection and
comorbidities. Their etiology, including roles
for both non-HIV and HIV viral-related effects
and treatment-associated factors, requires
ongoing investigation. These complications
could be involved in patients' active clinical
status and long-term consequences.
Management options are encouraged to clarified
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and evaluated therapeutically interventions
effect which could provide substantial benefits
to patients. These conclusions are also
methodologically important for the follow-up
and manage of infected individuals.

A clear understanding of the pathways most
critically involved in TB progression and the
consequences of altered cell behavior in the
tissue micro-environments will provide nuggets
of information which will help us in formulating
better therapeutic approaches.

Altered redox status on TB could play a causal
role in evolution by promoting damage to cell
structure and functions and also redox driven
process are stimulated modulating different
stages of inflammation.
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