Characterization of oxidative stress in different clinical
conditions, using redox indexes of diagnostic value
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ABSTRACT

The redox status imbalance could be related to diverse clinical entities. Recognized analytic methodologies quantifying
both: oxidative biomolecular damage and antioxidant activity were used for the characterization of redox balance
in human samples (urine, lymphocytes, plasma and serum) in relation with progression markers of diverse clinical
conditions. Case and control studies of Human immunodeficiency virus (HIV), Dengue, Diabetes mellitus (DM) type
1, Human-T lymphotropic virus type-1 patients and apparently healthy individuals (18-84 years) were carried out.
The evaluation was also applied in intervention designs. The results evidenced oxidative alterations and antioxidant
capacity decreased significantly (p < 0.05) in patients compared to healthy individuals related in age and gender.
Studies of nutritional intervention and antioxidant supplementation with Vimang® in 40 and 81 HIV Cuban patients
respectively showed significant beneficial changes (p < 0.05) in 56% and 43.9% of cases respectively. An observa-
tional study in 56 HIV Cuban patients was carried out involving two combinations of antiretroviral therapy. The study
showed evidences of oxidative modifications significant (p < 0.05) in 87% of the cases, finding differences among
combinations. An observational study involving 40 Cuban DM type 1 patients with change of neutral protamine
Hagedorn insulin from pig to human recombinant, showed a significant beneficial change (p < 0.05) in 81% of the
cases after the change. The integral characterization could be useful for follow up and individuals’ management but
also contribute to the knowledge of the molecular mechanisms underlying in these illnesses.
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RESUMEN

Caracterizacion del estrés oxidativo en diferentes condiciones clinicas mediante indices redox de valor
diagnéstico. El desbalance del estado redox pudiera estar relacionado con diversas condiciones clinicas. Para la
caracterizacién del estado redox en muestras humanas (plasma, suero, eritrocitos, linfocitos y orina) se emplearon
metodologias analiticas para cuantificar el dafo oxidativo a biomoléculas y la actividad antioxidante. Se hicieron
controles de pacientes con virus de inmunodeficiencia humana (VIH), con diabetes mellitus (DM) tipo 1, con virus
linfotrépico de células T humanas tipo 1, y de individuos aparentemente sanos (entre 18 y 84 anos de edad). La
caracterizacién también se aplicé a disefios de intervencion. Se evidenciaron alteraciones oxidativas y significativa
disminucién de la capacidad antioxidante (p < 0.05) en los enfermos con respecto al grupo presumiblemente sano,
relacionados en edad y género. Los estudios de intervenciéon nutricional y suplementarios con Vimang® en 40y 81
pacientes con VIH, mostraron beneficios significativos (p < 0.05) en el 56% y 43.9% de los casos, respectivamente.
En el estudio observacional en 56 pacientes con VIH con dos combinaciones de terapia, se incrementé el dafo
oxidativo y disminuyé la capacidad antioxidante significativamente (p < 0.05) en el 87% de ellos, con diferencias
segun las combinaciones. Se efectué un estudio observacional en pacientes con DM tipo 1 con cambio de insulina
protamina neutral de Hagedorn de cerdo a insulina recombinante humana, que evidencié beneficios significativos
(p < 0.05) en el 81%. Ello contribuyé no solo a la atencién integral de los pacientes, sino también al conocimiento
de los mecanismos moleculares involucrados en estas enfermedades.

Palabras clave: estrés oxidativo, VIH, VLTH-1, diabetes tipo 1, dengue, diagnéstico integral

Introduction

The study and refinement of surrogate markers of dis-
ease progression continues to be an important area of
research particularly with the advent of therapies that
claim to halt or slow the immunological influence [1].

The immunological process is tightly complex con-
sidering the plethoric tissues, cell lines and molecular
mechanism involved for such pathology. The generation
ofreactive oxygen species (ROS) is widely recognized
as an effector’s system of it, exerting physiological
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roles in cellular response at low/ moderate ROS con-
centrations such as: defence against pathogens agents,
signalling pathways, induction of mitogenic response
and contributing to the homeostasis. ROS are generat-
ed endogenously by mitochondria and other specialized
enzymes [1, 2]. Also it could be generated by exoge-
nous agents as microbes, environmental carcinogens,
xenobiotic and toxic food ingredients. The interac-
tion of ROS and the antioxidant system establishes

1. Valko M, Leibfritz D, Moncol J, Cronin
MT, Mazur M, Telser J. Free radicals and
antioxidants in normal physiological func-
tions and human disease. Int J Biochem
Cell Biol. 2007;39(1):44-84.

2. Halliwell B, Whiteman M. Measuring
reactive species and oxidative damage in
vivo and in cell culture: how should you
do it and what do the results mean? Br J
Pharmacol. 2004;142(2):231-55.
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or maintain a redox balance. Increased ROS produc-
tion could overwhelm the antioxidant capacity of the
cell producing oxidative stress (OS) and damage to
cell structures as: nucleic acids, lipids, proteins and
carbohydrates. Oxidative damage to macromolecules
is detectable under normal physiological conditions
in healthy individuals suggesting that the efficiency
of antioxidative and repair mechanisms cannot avoid
completely ROS reactions with macromolecules.
Therefore, cells also under normal physiological con-
ditions manifest a certain level of oxidative damage.
The sustained cumulative oxidative damage related to
OS status has been associated to aging and more than
a hundred different diseases [2, 3].

Aging is the process of change accumulation by age
and it could be defined as a complex chronological and
multifactor event [4]. The OS hypothesis of aging pos-
tulated by Harman in 1956 [5] recognize that accrual
of macromolecular damage accumulation is due to the
redox imbalance. OS within mitochondria can lead to
a vicious cycle in which ROS production progressive-
ly increase with age leading, in turn, to progressive
increase of damage and suggested that biomolecule
oxidation processes could be the central cause factor
promoting aging process. Age-related diseases are of-
ten considered to be distinct pathologies, rather than
inevitable part of agieng and a consequence of redox
deregulation. Indeed a chronic inflammatory process
is crucial associated with degenerative conditions dur-
ing the process. The functional consequence of an age
related modifications in such biochemical’s markers
of OS has been little studied and remains therefore
largely unknown [6].

Human immunodeficiency virus (HIV), Human-T
lymphotropic virus type 1 (HTLV-1) and Dengue in-
fection are worldwide problems; all of them occur-
ring in relation to immune system function [7]. OS,
induced by the increased production of ROS, may
play a critical role in the stimulation of virus repli-
cation and the degenerative evolution of individuals.
Excessive production of ROS may be related to both
an increased activation of polymorphonuclear leuko-
cytes during infections or influenced by the prooxi-
dant effect of tumor necrosis factor-alpha produced
by activated macrophages during the course infection,
and to activate caspases and mitochondria. Several in-
vestigators have proposed that apoptosis, initiated by
08, is a direct cause in the pathophysiology in these
infected patients [1, 7].

In the latest years, a relevant morbidity and mortal-
ity decline of HIV infection has been observed due to
the use of potent combined therapy named High Ac-
tive Antiretroviral Therapies (HAART). It has led to a
decrease of viral load, and a quantitative and qualita-
tive improvement of the immune functions in patients,
specially T-CD4+ lymphocyte count and viral load,
having as a consequence a decrease of infectious com-
plications and a global clinical improvement [8].

But HAART did not complete solve immune and
metabolic alterations during HIV evolution instead
hepatic toxicity was reported early in the epidemic,
and recent reports continue to point mitochondria as
toxic targets. Since ART therapies do not completely
eliminate HIV, it is likely that the final outcomes of
treatment will depend not only on the efficacy of treat-
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ments in reducing viral load, but also on the immune
system’s ability to recover and control residual virus.
Different nutritional and antioxidant intervention
used to counteract OS in HIV/AIDS patients were de-
veloped with limited advantages.

Diabetes mellitus (DM) type 1 is an autoimmune
disease involving T cell-mediated dysfunction of pan-
creatic B-cells. The dysfunction results in a lack of in-
sulin generation and prolonged exposure of cells and
tissues to hyperglycaemia. Four major mechanisms
are recognized in recent reports that reflect a single
hyperglycaemia-induced process of superoxide over-
production by the mitochondrial electron-transport
chain [1, 2]. This overproduction contributes to the
OS in DM patients and it may be related to endothelial
dysfunction and could be related to complications.

Insulin used for therapeutic purposes was obtained
first from beef and pork pancreas, which have been su-
perseded by recombinant human insulin more recent-
ly. The first recombinant human insulin was approved
by the Food and Drug Administration (FDA) in 1982.
Human insulin was introduced for routine treatment
taking into account animal insulin known to produce
insulin antibodies that can slow the action of the insu-
lin and cause problems such as insulin allergies.

A large amount of data about OS implications in
some tissues damage, certain diseases, biological
variables and life habits has been shown but reports
on changes of OS markers in blood and blood plasma
of healthy populations during aging are rare, also re-
ferred to Dengue and HTLV-1 [9]. Otherwise an in-
tegral characterization which includes injury markers
as well as protection indicators of the redox status has
been applied poorly in the literature. The aim of the
present work was to study the status of an extensive
array of redox indexes as proposal of an integral and
dynamic characterization of redox status. The indexes
evaluate the concentration of oxidized biomolecules
and antioxidant activity in relation to progression
disease markers. For this purpose, we compared the
blood levels of these markers in HIV/AIDS, dengue,
HTLV-1 and DM type 1 patients to those of healthy
aged-matched control. Also the integral redox diag-
nostic is applied in certain interventions in HIV and
diabetic patients.

Materials and methods

Subjects and blood collection

Healthy, HTLV-1, HIV/AIDS, Dengue and DM
groups

The integral diagnosis was applied in convenience
samples of subjects that gave written informed con-
sent to take part in the study after verbal and written
explanation of the methods and risks involved were
given. Procedures were previously reviewed and ap-
proved by the Tropical Medicine Institute Pedro Kouri
Committee for Research on Human Subjects, also by
the Center for Pharmacoepidemiology Development
(DM studies). The studies were in accordance with the
principle of the Declaration of Helsinki concerning to
the Ethical Principles for Medical Research Involving
Human Subjects. All these studies are observational
or case-control studies.
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Patients underwent an initial screening, which in-
cluded medical history, toxic habits (smoking, alco-
hol) alimentary habits and history of supplemental
vitamin intake, anthropometrics data (weight, height),
and a biochemical check up (complete blood count,
glucose, creatinine, urea, liver enzymes). Blood was
sampled at least 12 h after fasting. Samples were
stored in freezer at —70 °C until analysis.

Healthy group

The purpose of this study was to examine redox status
in plasma and erythrocytes of 194 healthy individuals
(women and men ranging from 18 to 84 years of ages
varying ethnicity) and determine correlation between
these parameters and aging.

DM type 1 patients

The Diabetic patients were selected from Database of
Diabetic consult of the Elpidio Berovides Care Cen-
ter (San Agustin Community of Havana City, Cuba)
where the change of neutral protamine Hagedorn
(NPH) insulin pork for NPH human insulin would be
generalized. Forty diabetic patients were enrolled. All
patients had been treated from time of diagnosis and
during the study with 2 daily insulin injections.

Administrations of insulin were done at the Care
Center. Nurses followed accomplishment of injec-
tions and incidence of adverse reactions by interview-
ing patients daily. For adverse reactions control, the
model 33-36-1 from Public Health Ministry of Cuba
was used, based on the Karch and Lasagna methodol-
ogy [10]. All patients completed the study.

DM type | patients with insulin change

The study period of 2 months was considered taking
into account previous results of glucose control during
transfers from animal to human insulin and possible
effects on oxidative indexes were considered.

Blood and serum samples from 40 patients (48
median age, range 38-64) before and 2 months after
change of insulin treatment were used. The groups
were from both sexes and varying ethnicity. Healthy
sex- and age matched subjects values of biochemi-
cal indexes previously determined and reported were
used as references values.

Dengue patients

Integral diagnosis were applied in 22 serologically
confirmed Dengue patients that would permit exami-
nation of the role of stress target which cause dam-
age to biomolecules related with classification of
Dengue. Blood samples were taken at days 3, 5 and 7
after the onset of fever. For this purpose, we compared
the blood levels of these markers in Dengue patients
classified as: dengue fever, dengue fever with hemor-
rhagic manifestations, and dengue hemorrhagic fever
to those of healthy aged-matched control.

HTLV-1 patients

Comparison of redox balance indicators assessed in
9 asymptomatic HTLV-1 seropositive (HTLV-1+)
and 10 apparently healthy individuals were done.
These parameters were related to changes in the lev-
els of CD3, CD4, CDS8 and CD25 T cell subsets in
patients.
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HIV patients

Seropositive individuals were identified with a reac-
tive enzyme-linked immunosorbent assay for HIV
(ELISA-Uniform VIH I/II plus O test, Organon Teck-
nica, Netherlands), which was confirmed by positive
Western Blot analysis (DAVIH BLOT VIH-I, DAVIH
Lab, Cuba).

HIV group with nutritional intervention

Stable HIV-positive subjects from the Santiago de Las
Vegas Sanatorium (SSV-Havana) ranging in age from
20-47 years were approached and 18 females and 22
males recruited for study. Subjects were eligible if
they had no active opportunistic infection. The aim
of the present study was to examine the impact of im-
proved nutrition on HIV progression during 3 months.
To achieve our aim, we took advantage of two op-
portunities. First, we recruited institutionalized HIV
positive subjects as their diet is known and controlled.
Second, we examined these subjects at the beginning
and end of a seasonal period when fresh fruit and veg-
etables become common dietary items. During this
3-month period we applied the integral diagnosis.

Patients were in relatively good health and func-
tioning well, with non-clinical evidences that nutrient
metabolism was compromised by wasting or severe
diarrhea. Thirty six patients completed the study, the
remaining 4 being unable to keep the 3-month follow-
up appointment.

HIV group with antioxidant supplementation

This study is a randomized double-blind placebo-
controlled trial. Stable HIV-positive subjects from
SSV - Havana were approached for the study between
September 2000 and April 2001. Patients could be on
any combination of antiviral therapy providing that
any therapy was started 1 month prior to study entry
and remained stable for the duration of the study. Sub-
jects were eligible if they had no active opportunis-
tic infection. Eighty two subjects were enrolled. Pa-
tients involved (82) were placed on a controlled diet
2 weeks prior to randomization and continued during
the study period. They also received dietary counsel-
ing to maximize and standardize their intake of food
rich in vitamins.

Patients were randomly assigned (using a random
number table) to receive daily either eight tablets
of Vimang® (Mangifera indica extract, 300 mg) or
eight tablets of placebo. Therefore subjects, observ-
ers and laboratory personnel were unaware of the
nature of supplements given. The placebo contained
corn-starch. Supplements and placebo were both cod-
ed, had the same taste, appeared identical and were
prepared specifically for this study. The code was not
broken until all patients completed the therapy and all
the analysis were performed.

Compliance with the supplements or placebo in-
take was verified by counting leftover medication.
Subjects were advised to continue their normal activ-
ity and to report any unusual symptoms. Patients were
required to record their food intake for 7 days at the
beginning and the end of the study, including all food
and beverages consumed their portion size and meth-
od of preparation. Patients were assessed at baseline
and at 6 months. At each study visit, anthropometry,

Biotecnologia Aplicada 2012; Vol.29, No.3
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review of food records and laboratory test were also
performed.

Physicians reported HIV-associated opportunistic
and other infections in the chart during 6 months after
randomization.

HIV group with ART

Subjects were eligible if they had no active opportu-
nistic infection. Eighty two subjects ranging in age
from 30-50 years were enrolled. Patients were ambu-
latory patients recruited on the Institute Pedro Kouri
Hospital. Data were processes by the SIDATRAT soft-
ware (IPK, version 2008). Fifty six were taking 2 dif-
ferent HAART combinations during 6 months; therapy
I: zidovudine (AZT) + lamivudine (3TC) + indinavir
(IDV); and therapy II: estavudine (d4T) + lamivudine
(3TC) + nevirapine (NVP). Twenty eight patients were
HAART-free. Subjects were advised to continue their
normal activity and to report any unusual symptoms.
Patients were assessed at baseline and at 6 months.
At each study visit, anthropometry and laboratory test
were also performed.

Physicians reported HIV-associated opportunistic
and other infections in the chart during 6 months after
beginning the study.

Flow cytometry analysis

A study of T lymphocytes subsets CD3+/CD4+,
CD3+/CD38+, CD4+/CD95+ in total blood with
lysing solution Becton Dickinson (BD) was carried
out. For each T lymphocyte subset, TriTEST™ CD3
CD45 CD4; CD3 CD45 CD38; CD3 CD4 CD95 were
used. Analyses were performed on a FACScan flow
cytometer (Becton Dickinson Immunocytometry Sys-
tem) by MULTICELL program.

Assessment of dietary intake

Food and beverage diaries were converted to standard
portion sizes at 0 and 3 months for seven consecutive
days. Nutrient intake was calculated using the Cuban
CERES food composition database, which contains
the nutrient contents of the commonly consumed food
and beverages in Cuba [11].

Viral load

Viral load was determined with the Biomerieux’s nu-
cleic acid sequence-based amplification polymerase
chain reaction (NASBA®) ultrasensitive assay, at the
lowest limit of quantification of 50 U.

Biochemical and hematologic measurements

Blood samples were obtained after at least 12-h fast-
ing. Samples were collected into heparin-treated
tubes. Centrifugation was performed at 1000 x g,
plasma was separated, and erythrocyte packages were
prepared. It was washed three times in cold saline so-
lutions and haemolysed. For assay of superoxide dis-
mutase (SOD) and catalase (CAT) haemoglobin was
extracted from hemolysate.

All the aliquots were stored at —70 °C until analyses
were carried out.

Glucose concentration

Glucose was measured with Automatic analyzer Hi-
tachi (model 912) and reagents from Roche (Diagnos-
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tic GmbH D 68298, Germany). Precinorm® U and
Precipath® were used as control. Normal range was
4.2-6.7 mmol/L.

Measurement of glycemic control

Glycosylated hemoglobin (HbA,) was evaluated
by using a commercial available kit (Human GmbH
D65205, Germany; Cat No: 10657). This kit used a
fast ion-exchange resin separation and spectropho-
tometer. The normal range was 4.7-6.3% of total Hb.

Fructosamine was assessed by using a commercial
available kit (CENTIS Diagnostic, Cuba). This kit
used a colorimetric assay and spectrophotometer. The
normal range was 265-315 umol/L.

Glutathione concentration

Plasma reduced glutathione (GSH) was analyzed with
the method described by Sedlak and Lindsay. GSH
(Sigma, St. Louis, MO, USA) was used to generate
standard curves [12].

Malondialdehyde concentration

Malondialdehyde (MDA) concentrations were ana-
lyzed with the LPO-586 kit obtained from Calbio-
chem (La Jolla, CA, 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. Freshly prepared solu-
tions of MDA bis [dimethyl acetal] (Sigma, St Louis,
MO, USA) assayed under identical conditions were
used as reference standards. Concentrations of MDA
in plasma samples were calculated using the corre-
sponding standard curve and values were expressed
as nmol/g Hb [13].

Peroxidation potential

For the determination of the susceptibility to lipid per-
oxidation, plasma samples were incubated with a so-
lution of cupric sulfate (final concentration of 2 mM)
at 37 °C for 24 h. The peroxidation potential (PP) was
calculated by subtracting the MDA concentration at
time 0 from the one obtained at 24 h [14].

Total hydroperoxide

The total hydroperoxide (HPO) was measured based
on the oxidation of ferrous ions to ferric ions by hy-
droperoxides 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 coloured com-
plex which can be measured at 560 nm.

SOD

The enzymatic activity of SOD was evaluated by using
Randox Ltd. (Diamond Road, Crumlin, UK) Kit Cat.
No.SD125. In brief, the method employs xanthine and
xanthine oxidase to generate O,”, which reacts with
2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltretazo-
lium chloride (INT) to form a red formazan dye. SOD
activity was then measured by the inhibition degree of
this reaction and was expressed as U/mg Hb.

CAT

The enzymatic activity of CAT was measured accord-
ing to the method of Aebi. Using a molar extinction
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coefficient of 43.6 M'cm’!, the rate of the first 30 s
was used to calculate the activity. Catalase activity
was expressed as U/mg Hb [15].

Advanced oxidation protein products

Plasma advanced oxidation protein products (AOPP)
was measured according to the methods of Witko-
Sarsat. The values were expressed in Chloramine T
equivalents and corrected by serum albumin concen-
trations [16].

DNA fragmentation

Quantitation of DNA fragmentation was determined
by colorimetric diphenylamine assay as described by
[17]. Leukocytes were obtained from whole blood
samples by osmotic shock and lysed in lysis buffer
(0.2% v/v Triton X-100, 10 mM Tris-HCI and 1 mM
EDTA, pH 8.0). Lysates were centrifuged at 13 000 x
g for 10 min. The supernatant, containing small DNA
fragments, was separated from the pellet of intact
DNA. The pellet was resuspended in 1 mL of lysis
buffer and perchloric acid was added to a final concen-
tration of 0.5 M, to both the supernatant and the pel-
let, followed by 2 volumes of diphenylamine solution
(0.088 M diphenylamine, 98% v/v glacial acetic acid,
1.5% v/v sulfuric acid concentration and 0.5% v/v of
1.6% acetaldehyde solution). Samples were store at
4 °C for 48 h and were quantified by spectrophotom-
etry at 575 nm. DNA fragmentation was expressed as
percentage of total DNA appearing in the supernatant
fractions (DNAF%).

Therapeutic or intervention effects

The intervention effect was analyzed calculating the
simultaneous change in two combinations of vari-
ables for each patient in every study. The first vari-
able included simultaneous change in some evolution
markers. The second included, additionally to the
first variable, simultaneous significant changes in re-
dox markers. The significant change in every marker
between the initial and the last evaluation was com-
puted. Success (positive) of intervention effect was
considered every time simultaneous change, accord-
ing to indicators, show beneficial effects in patients.
The opposite was considered as a failure. However, if
at least one of the parameter failed, it was considered
as a global failure.

Statistics

Initially the outliers preliminary test for detection of
error values was applied as a first step in the statistical
analysis. Data were expressed as means * standard de-
viation (SD). After this, the homogeneity of variance
test (Bartlett-Box) was used. Analysis of variance
and comparison of means were performed to detect
statistical differences between the control group and
patients in each study.

The biochemical indexes values before and after the
study in the different groups were compared using de-
pendent or independent t test, accordingly. The num-
bers of patients with success or failure evaluated by the
combinational variables was reported in contingence
tables. Comparison in each variables were done using
y* test. The minimal level of significance was identified
atp <0.05. The SPSS software package (IBM; version
13.0,2007) was used for all statistical analyses.
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Results

Healthy group

The results associated to healthy group indicate that
the balance of oxidant and antioxidant systems in
plasma shifts in favour of accelerating oxidation dur-
ing aging (Table 1). That is demonstrated by erythro-
cytic glutathione disulfide and HPO increased togeth-
er with slight decrease of erythrocytic GSH with age.
Besides, biomolecules injury such as lipid peroxida-
tion (MDA), protein damage (AOPP) and DNAF%
were observed.

HTLV-1 group

Significant differences were found (p < 0.05) between
HTLV-1+ and control group regarding to stress indi-
cators, except the concentration of GSH (Table 2).
The CD4+ T lymphocytes count inside the normal
intervals whereas the CD8+ T lymphocytes count
was slightly increased. Relative values of CD25 also
showed significant differences between HTLV-1 and
healthy subjects (data not shown). These results re-
veal both the presence of a pro-oxidant state with the
activation of the cytotoxic cellular response and the
activation of cellular gene expression.

Dengue group

A reduction of glutathione peroxidase and an increase
of SOD activity were found in Dengue patients. In
this condition, the detoxification capacity evaluated
as PP was reduced and it suggests hydroxyl radicals’
formation which may promote lipid damage in accor-
dance with high levels of lipid peroxidation. In line
with this, HPO showed a reduction compared to the
control group. This is a stable intermediate that could
generate hydroxyl, peroxyl or other ROS by interact-
ing with organic metal. Generally in OS conditions,
this index showed higher values of HPO because of
its accumulation. In this case, the lower values could
indicate an enhance peroxidation due to metal con-
centration increase in the media, which may produce
lipid by-product as MDA. The hydrophilic antioxidant
GSH showed significantly modifications in these indi-
viduals. Significantly change was observed in hydro-
philic PP too. The observed increase of OS processes
in these patients resulting from cytotoxic lipid prod-
uct would modify proteins and membranes by adding
reactions contributing to the physiopathologic results
from a descriptive analysis, although there were no
significant differences noted associated to different
days of clinical condition and classification of fever.

DM group

Related to the DM group, there were no differences
in the male/female ratio or in the proportion of those
with hypertension or current smoking between diabet-
ic patients and study controls (p > 0.05). Compliance
of human insulin injection was excellent on the basis
of the applied data (94%). Adverse reactions reports
during the 2 months of insulin change were comput-
ed and were generally considered as hypoglycaemic
manifestations. It represented a 0.7% of incidence in
the 17% of patients.

The mean value of all biochemical markers evalu-
ated before and 2 months after change of insulin and
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Table 1. The effect of age on different redox indexes in healthy subjects (mean + SD)

Group Age MDA GSH HPO AOPI? GSSG PP DNAF%
(n) (years) (umol/L) (nmol/L) (uM) (umol Cloramina T/mL) (umol/L) (umol/L)
1 (n = 35) 18-29 1.42 = 0.27 27+03 67.5 +16.6 12.11 £ 2.4 45.0 = 4.5 7724 3313
2 (n=28) 30-39 1.45 +0.17 27+03 70.3 £ 13.9 159 +2.8 51.2 £26.9 9.41 £2.95 3.7x1.7
3 (n=31) 40-49 1.51 £0.23 26 +04 72.0 £ 20.1 16.2 = 3.1 51.1 £24.1 9.38 £ 3.14 40=x15
4 (n = 35) 50-59 1.62 = 0.30 25+04 83.0 £ 20.6° 17.14 = 2.6° 56.4+17.99 9.06 =2.8 4.6 £1.9¢
5 (n = 48) 60-69 1.89 + 0.5 24+04 96.3 + 22.29b 19.57 + 3.40b 57.2 £15.19 11.43 £ 3.1° 4.7 + 1.5°
6(n=17) 70-81 1.69 = 0.27¢ 24+07 105.3 + 32.2¢b¢ 18.9 £ 2.7¢b 68.2 = 11.19 13.0 = 4.2° 5.8 £ 1.50b¢
ab < Represent p < 0.05 in comparison with group 1, 2 or 3, respectively.
MDA: malondialdehyde.
GSH: reduced glutathione.
HPO: hydroperoxide.
AOPP: advanced oxidation protein product.
GSSG: glutathione disulfide.
PP: peroxidation potential.
DNAF%: Percentage of DNA fragmentation.
references values are showed in table 3. The statistical ~ change. When OS indexes, with significant modifica-
analysis showed a significant modification (p < 0.05)  tion, were also factored into global analysis, a global
in all indexes except in activity of antioxidant en-  positive change in 27 (68%) of the total study patients
zymes SOD and CAT from erythrocyte cytoplasm ori- ~ was noted (Table 3).
gin (p > 0.05). Mean statistical comparisons between . . .
references values and biochemical markers evaluated ~ HIV nutritional intervention
at 2 months showed persistent significant difference At baseline, mean energy intake was adequate (satis-
(p <0.05). The values of HbA, before (8.74 £ 1.65%)  fied 110-90% of the individual requirements) in 60%
and 2 months after (6.51 £ 2.06%) and Fructosamine  of patients (24), insufficient (satisfied 90-70% of the
before (499.20 + 24.32 pmol/L) and 2 months after  individual requirements) in 35% (14) and critical (sat-
(327.43 £31.68 umol/L) in diabetics indicated a good  isfied < 70% of the individual requirements) in 3%
glucose control during the preceding month for each  (2). Protein intake was adequate (satisfied 110-90%
determination (data not shown). of the individual requirements) in 35% (14), while
Plasma GSH levels were significantly higher at  42% (17) and 21% (9) of the patients had insufficient
2 months and differed significantly to controls too.  (satisfied 90-70% of the individual requirements) and
Lipid peroxidation evaluated as MDA and HPO plas-  critical (satisfied < 70% of the individual require-
ma concentration were significantly lower (p < 0.05)  ments) low protein intakes, respectively. Lipid intake
at the end of the study and differed significantly to ~ was greater that recommended in 95% (38) but car-
controls (Table 2). DM type 1 patients had PP signifi-  bohydrate intake was insufficient and critical in 71%
cantly elevated at the beginning, suggesting reduced  (28) of HIV positive patients (data not shown). Ma-
lipid-plasma antioxidant capacity. It was modified  cronutrient intake did not differ significantly between
significantly (p < 0.05) at the end of the study and dif-  baseline and at 3 months (data not shown). Likewise,
fered significantly to study controls too. Plasma levels  there was no significant difference in body mass index
of AOPP was significantly diminished (p < 0.05) in  (BMI) in kg/m? at day 0 compared with the end of the
diabetic patients at the end of the study and differed  study (data not shown).
significantly to study controls too. The activities of the Significant improvements in vitamins A, C, E in-
erythrocyte’ antioxidant enzymes CAT and SOD were  takes were noted during the study period (p < 0.05 in
not significantly modified at the end of the experiment  all parameters, even its level was still maintained criti-
(data not shown). cal (satisfied < 70% of the individual requirements).
Glucose control indexes were improved positively ~ This occurred in part due to the increased fruits and
in 34 (85%) of patients as a consequence of treatment ~ vegetable intake related to experimental period (De-
Table 2. Redox indexes of HTVL-I, HIV, Dengue and Diabetes mellitus type 1 patients (mean + SD)
Group MDA GSH HPO SOD CAT AOPP. PP DNAF%
(nmol/g Hb) (umol/g Hb) (UM) (U/mg Hb)) (U/mg Hb)  (uM Cloramina T)  (nmol/g Hb)
Healthy 1.65 £ 0.57 989.45 + 75.3 70.3 = 13.9 1.41 £ 0.72 2.35 % 0.4 15.9 2.8 9.41 £ 2.95 3.9+1.7
HTLV-1 4.52 £ 0.219  202.08 * 28.65° - 2.83 * 0.84° - 4629 +7.31°  13.24 = 1.19° -
HIV 3.98 + 1.42° 393 + 146° 242.4 + 57.5°  3.58 = 0.19° - - 11.09 £3.17°  7.19 + 1.16°
Dengue 3.22 £ 0.53°  687.5 = 241.53° 119.6 = 34.61° 2.26 = 0.71° - - 15.09 * 2.60° -
Diabetes 552 £ 0.73° 518.72 = 107.51¢ 172 £26.29° 4.1 £ 0.9¢ 3.8 £ 0.5¢ 31.85 £2.41¢  24.50 = 3.81¢ -

mellitus type 1

ab < Represent significant differences in comparison with an apparently healthy group.

MDA: malondialdehyde.

GSH: reduced glutathione.

HPO: hydroperoxide.

SOD: superoxide dismutase.

CAT: catalase.

AOPP: advanced oxidation of proteins products.
PP: peroxidation potential.

DNAF%: Percentage of DNA fragmentation.
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Table 3. Global Evaluation of intervention beneficial effect on redox and related indexes in different studies

Patients
Di Th | | lysi
isease erapy Global analysis Group Success* (%) Total
HIV Nutritional  Simultaneous significant variation in Vit A, C - 27 (75) 36
intervention  and E, vegetables and fruits
Simultaneous significant variation in Vit A, C - 25(69) 36
and E, GPx, GSH, PP, vegetables and fruits
Vimang®  Simultaneous significant variation in PP Placebo 15(48.1) 32
Vimang® 29 (81.8) 36
Simultaneous significant variation in PP, Placebo 1(2.5) 32
MDA, HPO and DNAF% Vimang® 15 (43.9) 36
Effect of 2 Simultaneous significant variation in viral AZT+3TC+IDV 22 (80.1) 28
HAART load and T CD4+ lymphocytes subset. d4T+3TC+NVP 23 (81.2) 28
combinations} Simultaneous significant variation in viral AZT+3TC+IDV 7 (23) 28
load, T CD4+lymphocytes subset, PR, MDA, d4T+3TC+NVP 1 (4) 28
and DNAF%
Diabetes Change Simultaneous significant variation in HbAc, - 34 (85) 40
mellitus type 1 of insulin Fructosamine and Glucose
Simultaneous significant variation in HbAc, - 27 (68) 40

Fructosamine, Glucose, HPO, PP, GSH, MDA

and AOPP

* Represents the number of patients which show beneficial variation of the evaluated variables considered in the study.
1 HAART: highly active antiretroviral therapy. Combinations: AZT+3TC+IDV, zidovudine + lamivudine + indinavir; d4T+3TC+NVP,

stavudine + lamivudine + nevirapine.

GPx: Glutathione peroxidase.

GSH: reduced glutathione.

PP: peroxidation potential.

MDA: malondialdehyde.

HPO: hydroperoxide.

DNAF%: percentage of DNA fragmentation.
HbAc: glicosilated hemoglobin.

AOPP: advanced oxidation of proteins products.

cember-March). During this season fruits and vegeta-
bles with high quantities of micronutrients, including
polyphenols, are available.

All OS markers showed significant differences be-
tween healthy group baseline data and the seroposi-
tive group at both times, 0 and 3 months of the study
(p <0.05; table 3).

In HIV patients plasmatic PP was significantly
(p < 0.05) increased at 3 months. Lipid peroxidation
measured by MDA and HPO was not however signifi-
cantly different after 3 months of dietary change. SOD
and glutathione peroxidase activity were significantly
different (p < 0.05) between baseline and values at 3
months.

GSH was significantly higher (p <0.05) at 3 months
when compared at baseline while DNA damage mea-
sured as DNAF% was not changed.

Lymphocyte counts of T CD4+ and CD95+ were
not significantly different between at baseline and at
3 months. A significant statistical decrease (p < 0.01)
was detected in CD38/CD8+ compared to values at
baseline

PP improved positively in 68% (27) of patients as
a consequence of the increased intake of fruits and
vegetables from diet (Table 3). When glutathione per-
oxidase and GSH were also factored into this analysis,
a positive change in 56% (22) of patients was noted.
Sample sizes were not large enough to detect differ-
ences in micronutrient intake between stage A2B2 and
A3B3 subjects.

HIV antioxidant supplementation

At baseline, there were no differences detected be-
tween placebo and Vimang® supplemented groups.
Sixty eight subjects completed the study. Among the
14 who did not complete the study, six were random-
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ized on the supplemented group (all was unable to
keep the 6-month follow-up appointment) and eight
were randomized to the placebo group (four had epi-
gastria discomfort and four were unable to keep their
6-month follow-up appointment). All 14 patients have
baseline and follow-up measurements (month 3 or 4
of the study) performed for all parameters and were
thus included in the statistical analysis as an intention-
to-treat basis.

The supplemented group (n = 36) had an increase in
plasma GSH (p < 0.05) and a reduction in PP (p <0.01),
MDA (p <0.01), HPO (p <0.01), DNAF% (p < 0.01)
and SOD (p < 0.01) when compared with placebo
group (n = 32). Change simultaneous analysis results
in 81% of patients with improved positively the an-
tioxidant capacity (Table 3). When MDA, HPO and
DNAF% were also factored into this analysis 43.9%
of patients improved positively antioxidant capacity
with simultaneous reduction of oxidative damage on
biomolecules (lipids and DNA) in HIV supplemented
group (Table 3). No significant differences were de-
tected in CD4 and CD8/CD38 between placebo and
supplemented groups. There was also a trend towards
a reduction in CD95 receptor (mean £ SD changes
over 6 month —6.12 + 2.30 vs. —13.47 £ 3.31%, p =
0.08; data not shown). Nutritional index of macro and
micronutrients intake during the period not showed
differences between groups and no significant dif-
ferences were detected during clinical behavior. No
adverse reaction was detected in supplemented group
(data not shown).

HIV groups with two ART combinations

Eighty four HIV+ individual, from whom 56 were
treated with ARTs, were enrolled to evaluate two dif-
ferent antiviral combinations, 28 subjects for each
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one. The other 28 HIV+ individuals were not treated
with antivirals. Eighty four healthy subjects were
processed as control. There were no significant differ-
ences between the groups at baselines with respect to
demography and number of patients.

All HIV+ patients enrolled were classified as A3B3
and during the 6 months of study period were kept
stable.

Treatment compliance was excellent on the basis of
patients’ reports (94%). The statistical analysis of mean
value of all biochemical redox and HIV progression
markers evaluated in control and HIV group before
and 6 months of HAART treatment showed significant
difference between control and HIV group before and
6 months after HAART treatment and significantly
modification respect HIV group treated (p < 0.05) in
all indexes except in activity of CAT (p > 0.05).

Plasma GSH levels were significantly lower at 6
months compared to both the initiation of study and
control value (p < 0.05). Lipid peroxidation evaluated
as MDA and HPO plasma concentration were signifi-
cantly higher (p <0.05) at the end of the study. Plasma
levels of AOPP were significantly (p < 0.05) higher in
HIV patients at the end of the study. The activity of
the erythrocyte SOD antioxidant enzyme was signifi-
cantly higher at the end of the study (p < 0.05). HIV
patients had PP significantly lower at the beginning,
suggesting reduced lipid-serum antioxidant capacity.
It was modified significantly (p < 0.05) at the end of
the study, and DNAF% was also significant higher (p
<0.05).

The immunologic and virologic influence of
HAART in HIV population has been several reported
previously and as in this study HIV-RNA copies per
millilitre of plasma showed a significant decrease (p <
0.05). Concomitant increase in both CD4+ and CD8+
T cell count in peripheral blood were reported too. In
this study CD4+ T cell counts increase significantly
(p <0.05) but CD8+T cell not (data not shown). Non-
significant changes were found with respect to CD95+
and CD38+ T cells compared to the beginning of the
experiment either (p > 0.05). But trends toward a re-
duction were observed in both (data not shown).

CAT values for the both treated groups did not
show significant difference for determination at initial
and at 6 months (p > 0.05). Measures of the others
OS indexes showed a significant difference (p < 0.05)
between values determined for the two HAART com-
binations at 6 months and respect HIV+ no treated at
both determinations. For therapy II, all values were
significantly higher compared to the therapy I group
and HIV+ non-treated, except for GSH values for
therapy Il which were lower than therapy I values.

No significant differences were found between
groups treated respect to CD4+, CD8+, CD38+,
CD95+ T cell subset, viral load and BMI at 6 months
(data not shown).

Multivariate linear regression coefficients for dif-
ferent variables on each HAART combinations were
evaluated. For therapy I, this analysis confirmed that
BMI and CD4+ T cell count did not have significant
impact on MDA, GSH, HPO, AOPP, DNAF%, SOD
and CAT but CD4+ T cell subset significantly influ-
enced (p < 0.05) the antioxidant capacity evaluated
as PP. Besides, viral load significantly influenced (p
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< 0.05) on MDA, HPO and GSH but did not on CAT,
SOD, AOPP, PP and DNAF%. For therapy II, the
analysis confirmed that BMI and CD4+ T cell counts
did not have significant impact on OS indexes but vi-
ral load significantly did (p < 0.05) on MDA, HPO
and GSH, insignificant for CAT, SOD, AOPP, PP and
DNAF% (data not shown).

For combinatorial analysis of treatment, simul-
taneous beneficial changes were computed. In the
first combination, VL and CD4+ T cell counts were
considered. For therapy I, 22 patients (80%) had ben-
eficial positive change in both factors considered as
a success, as for 23 patients (81%) of the therapy II
group. When redox indexes (PP, MDA and DNAF%),
showing significantly beneficial changes, were also
factored into a global analysis, an overall positive
change in 7 patients (23% of the total patients of
study) was evidenced for therapy I, and in 4 patients
(12%) for therapy II (Table 3).

Discussion

Elevated lipid peroxidation products, damage to DNA
and depleted antioxidant capacity have been docu-
mented previously in HIV, HTLV-1 dengue-infected
individuals and also in DM patients [1, 3, 9]. The
current studies provide additional evidences about
altered redox status in these individuals in relation to
progression indexes of each clinical condition. These
responses could be associated with cell damage, met-
abolic abnormalities and immune dysfunctions all of
which are observed in patients. Also the evidences of
the studies contribute to show the influence of alterna-
tive or therapeutic interventions on redox status with
beneficial or negative impact.

Healthy individuals with increased age

In view of the correlation between MDA and 4-Hy-
droxy-2-Nonenal (a fatty acid peroxidation product),
we suggest that aging is a process directly related to
systemic oxidized-lipid accumulation. Both MDA
and 4-Hydroxy-2-Nonenal strongly correlates with
GSH decrease during aging suggesting that consump-
tion of this endogenous metabolite is directly related
to aging too.

There are several hypotheses to explain how aging
occurs, considering complex physiological alteration
in the organism evolution described as: mitochon-
drial changes, accumulation of aberrant proteins in
the cytosol, chemical damage to macromolecules,
and somatic mutations. No theory has been generally
accepted. The OS hypothesis offers one of the best
mechanistic elucidations of the aging process and
other age-related phenomena such as age-related dis-
eases. Antioxidant enzymes levels are sensitive to OS.
Both increased and decreased levels have been reported
in different disease states in which an enhancement of
ROS is a cause or a consequence of the disease. The
possible explanation for this phenomenon could be a
compensatory mechanism by the body to prevent tis-
sue damage [1, 4].

These findings are a valuable contribution as ref-
erence values for studies in age-related diseases and
infections and for the evaluation and interpretation of
OS in an integral fashion too. Differences in the range
of concentration respect to the parameters evaluated
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in others reports may be related to diverse population
which means the influence of nutrition, habits and life
styles. Another important point is that those samples
come from a general population [3, 6].

Diabetes mellitus type |

Evidences of lipid peroxidation have also been re-
ported in a number of diabetic complications. This is
consistent with the finding of Santini et al. [18], and
Atalay et al.[19], suggesting that redox metabolism is
altered in DM type 1 [1, 20].

The prospectively observations during transition
process from porcine to human insulin contribute to
both evidences, it can improve redox status of diabetic
patients and could be beneficial to DM type 1 patients,
and an integral overview about metabolic events in-
volved could be valid to evaluate treatment effects,
follow the effect of nutritional regimens or control the
degenerative damage associated to OS.

HTLV-1, dengue and HIV/AIDS

Redox equilibrium is an important factor for the well
function of several cell species, concerning different
functions as activation, maturation, cell signalling and
death [7]. During viral infection the host inflammatory
response appears to be an important contributor to the
pathogenesis of human illness [2]. Virus-induced OS
could be mediated by an early phase of liberation of
pro-inflammatory cytokines.

Human T cell lymphotrophic virus I (HTLV-1) is
a retrovirus that causes adult cell leukemia and the
neurological disorder known as tropical spastic para-
paresis. Pathology apparently results from the expres-
sion of viral and cellular genes which might lead to
cell transformation, immortalization and disease. The
results reveal both the presence of a pro-oxidant state
with the activation of the cytotoxic cellular response
and the activation of cellular gene expression. These
determinations may be of interest for knowledge of
physiopathology of the infection and for possible pre-
ventive therapeutic interventions.

Taking into account the results of the investigation,
it is possible to consider that dengue virus could in-
duce apoptosis through the alteration of the redox sta-
tus. The findings suggest the relationship of in vivo OS
with the pathogenesis of dengue infection, indicated
by high levels of sensitive markers of lipid peroxida-
tion. Lipid peroxidation levels and endothelial dys-
function could be related and would acutely enhance
local or systemic vascular leakage. However, it is nec-
essary to study the kinetic of redox markers in a more
representative number of Dengue hemorrhagic fever
serum samples as well as to introduce other markers
as NO synthesized by endothelial cells and close re-
lated with vascular diseases [21].

OS condition has been documented previously in
HIV populations. The current studies provide evi-
dences in relation to moderate to severe micronutri-
ents intake deficiency and that deficiency could be
related to their redox status [1, 8]. After 3 months of
increased micronutrient intake but unaltered energy
and macronutrient intake, we noted a significance
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increase in antioxidant status related to an increase
in PP and GSH and a decrease in SOD and CD38+/
CDB8+ counts. Also during Vimang® supplementa-
tion, HIV patients showed evidences of improved an-
tioxidant status and reduced oxidative damage with
a tendency towards lower CD95 and stabilization of
CD4+ T lymphocyte relative counts without dietary
interference. These findings are worthy of larger clin-
ical trials; especially both in HIV-positive infected
persons who cannot afford antiviral therapies and
also in those that took it. Also these results indicate
the necessity for larger controlled studies in order to
confirm the present observations and to clarify the
underlying mechanisms.

The OS effects occurring as a consequence of
phosphorylated-NRTI, which means HAART, may
amplify some of the pathophysiological and pheno-
typic event in infection. This aspect results in a new
tissue target as treatment is prolonged with increased
longevity of AIDS patients, resistance to NRTI ap-
pears and AIDS become a relatively manageable
chronic illness [8].

Some groups have been worked with different
strategies to attenuate the OS during HIV infection,
resulting in a tentative option the combination of
modified diet and antioxidant supplementation, or
combination of both.

The indicators evaluated as redox indexes could
contribute to an integral overview in patients. The
methods used are relatively cheap, easily performed,
non time-consuming procedures and possess suffi-
cient precision to be extrapolated for routine clinical
analysis.

OS underlying diseases evolution causes a very
wide spectrum of genetic, metabolic, and cellular re-
sponse from diverse tissues overwhelms the organism
[3, 4]. These determinations may be of interest for
knowledge of infection physiopathology. The altera-
tion resounds on many malignancies associated. The
OS evaluations will therefore become potential use-
ful factors to follow not only therapeutically effects,
but also antioxidant and alternative therapies effects
on the disease evolution. The counteracting actions’
strategy to diminish the impact of oxidative damage
may contribute to both restoration of immune re-
sponse and also may attenuate its toxic effects which
would influence on individuals’ quality of life.
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