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Abstract

Objectives: The aim of this study was to determine the oxi-
dative stress and paraoxonase 1 (PON1) levels in children
with pulmonary tuberculosis (TB) compared to healthy con-
trols, and to examine the association of demographical with
oxidative stress. Subjects and Methods: Forty children diag-
nosed with pulmonary TB and 40 age- and gender-matched
healthy controls were enrolled in the study. Serum total an-
tioxidant status (TAS), total oxidant status (TOS) and PON1
levels were measured. The oxidative stress index (OSI) was
calculated to indicate the degree of oxidative stress. Results:
The TAS levels were lower (1.73 £ 0.5 vs. 2.54 £+ 1.2 umol Tro-
lox Eg/l) while TOS levels were significantly higher (26.9 £
14.4vs.13.4+ 7.7 umol H,0, Eq/l) in the TB group than in the
controls (p < 0.001). The OSI was significantly higher in the
TB group than in the controls (21.2 £ 5.1 vs. 6.5 + 4.9 units,
p =0.006). Serum PONT1 levels were significantly lower in the
TB group than in the controls (14.2 £ 13.2vs. 28.4 + 17.3 U/I,
p < 0.001). The lower PON1 levels correlated with TAS and
OSlI levels but not with anthropometric parameters (r =

0.264,p =0.018 and r =-0.255, p = 0.023, respectively). Con-
clusion: The TOS and OSl levels were higher and the TAS and
PONT1 levels were lower in pediatric patients with pulmonary
TB when compared to healthy controls. This indicates great-
er oxidative stress in the patients. ©2014 S. Karger AG, Basel

Introduction

Free radical formation, which is a result of tissue me-
tabolism, has the potential to cause organ damage. The
detrimental effects of free radicals are minimized by the
antioxidant capacity and repair mechanisms of the cells.
Oxidative stress is the term used for an imbalance be-
tween prooxidants and antioxidants; it can lead to irre-
versible changes at the cellular level [1]. Disturbances in
the equilibrium of the oxidant and antioxidant systems
are a result of the rapid production of reactive oxygen
species (ROS) that occur during infection, trauma, expo-
sure to pollutants, the intake of drugs or unusual food and
the administration of oxygen. Free radical burden has
been reported as an important factor in the pathogenesis
of childhood diseases such as bronchiolitis, asthma, con-
genital heart disease and hypertension [2-5]. The role of

© 2014 S. Karger AG, Basel
1011-7571/14/0235-0426$39.50/0

KARGER

E-Mail karger@karger.com
www.karger.com/mpp

Karger
Openguccess
Thisisan Open Access article licensed under the terms of the
Creative Commons Attribution-NonCommercial 3.0 Un-
ported license (CC BY-NC) (www.karger.com/OA-license),
applicable to the online version of the article only. Distribu-
tion permitted for non-commercial purposes only.

Emel Torun, MD

Department of Pediatrics, Bezmialem Vakif University Hospital
Adnan Menderes Avenue, P.K.

TR-34093 Fatih/Istanbul (Turkey)

E-Mail dr.emeltorun @ gmail.com


http://dx.doi.org/10.1159%2F000363700

oxidative stress in the pathogenesis of childhood tubercu-
losis (TB) has not been defined to date.

Pulmonary TB is still a major health problem in Tur-
key and, not surprisingly, infants and children are more
susceptible than adults to diseases related to Mycobacte-
rium tuberculosis (MTB) [6]. The innate and adaptive im-
mune response of the host to MTB determines clinical
outcome in the very early phase of the infection. How-
ever, immune responses to MTB and the pathogenesis of
TB disease are both complex and not completely under-
stood. MTB is an intracellular pathogen, which, after be-
ing inhaled by the host, is phagocytosed in the lungs by
antigen-presenting cells such as alveolar macrophages,
lung parenchyma macrophages and dendritic cells. These
cells go on to elicit local inflammatory responses [6]; this
leads to a respiratory burst resulting in the production of
large amounts of ROS and reactive nitrogen intermedi-
ates for the purpose of destroying ingested microorgan-
isms [7]. Although the enhanced level of free radical pro-
duction is designed to contribute to the host’s defense
against microorganisms, it may inadvertently damage
the host [8]. There is a report that links pulmonary TB
in adults with inflammation-related oxidative stress in-
volved in the pathogenesis of dysfunction [9]. The oxida-
tive burst in human phagocytes, especially with mono-
cytes and macrophages, contributes to the killing of my-
cobacteria as a part of innate immunity [10, 11]. There are
not yet any studies about the oxidative stress in childhood
TB.

Paraoxonase 1 (PON1) is an antioxidizing enzyme that
contributes to the hydrolysis of lipid peroxides into oxi-
dized lipoproteins, and it has been associated with dis-
eases characterized by high oxidative stress such as car-
diovascular disease and diabetes [12]. Oxidative stress
downregulates serum PONT1 expression due to the chang-
es in the redox status [13]. There is no existing report on
PONT1 activity in pediatric pulmonary TB. In this study,
we investigated the oxidative status and PON1 activity in
pediatric TB compared to in healthy age- and gender-
matched children.

Subjects and Methods

This cross-sectional study included 40 children who were ad-
mitted to the Department of Pediatric Pulmonology with a diag-
nosis of pulmonary TB. The control group consisted of 40 age- and
gender-matched children who had been admitted at the same time
to our outpatient clinic for reasons other than infectious and in-
flammatory diseases. This study was approved by the Institutional
Ethics Committee. Written informed consent was obtained from
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the parents of the study and control groups. The study was con-
ducted between January 2012 and May 2013. TB diagnosis was
based on respiratory symptoms, radiological findings, positive tu-
berculin skin tests, a history of contact with someone with active
TB, acid-fast bacillus and positive MTB cultures. All the subjects
met the criteria for a strong suspicion of TB.

The patients were examined by both a pediatrician and a pedi-
atric pulmonologist and were evaluated according to a protocol
which included taking down their history and performing a phys-
ical examination. Their history concerned household contacts and
comorbidities such as malnutrition, chronic liver or kidney dis-
ease, immune suppression from drugs or disease and diabetes. No
patients in either group had a history of immunosuppressive drug
use, immune deficiency or chronic disease. Malnutrition was eval-
uated by body mass index standard deviation score (BMI SDS) and
relative weight. Standing height was measured to the nearest 0.1
cm with a Harpenden fixed stadiometer. Body weight was mea-
sured on a SECA balance scale to the nearest 0.1 kg, with each sub-
ject dressed in a light T-shirt and shorts. Relative weight was cal-
culated as weight/midpoint of the weight of people of the same
height x100.

The standard biochemical parameters including albumin, total
protein and complete blood count were measured for the TB and
control groups. Albumin and total protein were measured with the
colorimetric technique (ROCHE Cobas 8000, USA), and complete
blood count was measured with the impedance technique (Sysmex
XT 18001, USA).

The total antioxidant status (TAS) was measured using a novel
automated direct measurement method for TAS developed by Erel
[14] (Rel Assay Diagnostics®, Gaziantep, Turkey). With this meth-
od, antioxidants in the sample reduced dark blue-green-colored
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radicals to
a colorless reduced form. The change of absorbance at 660 nm is
related to the total antioxidant level of the sample. This method
determines the antioxidative effect of the sample against the potent
free radical reactions initiated by the produced hydroxyl radical.
The results are expressed as the micromolar Trolox equivalent per
liter.

The total oxidant status (TOS) of serum was measured using
an automated colorimetric measurement method developed by
Erel [15] (Rel Assay Diagnostics). Again, briefly, oxidants present
in the sample oxidize the ferrous ion-chelator complex to ferric ion
which makes a colored complex with chromogen § in an acidic
medium. The color intensity, which can be measured spectropho-
tometrically, is related to the total amount of oxidant molecules
present in the sample. The results are expressed as the micromolar
hydrogen peroxide equivalent per liter.

Oxidative stress index (OSI) is the percentage ratio of the level
of TOS/TAS. The resulting micromolar unit of TAS is converted
to millimoles per liter, and the OSI value is calculated according to
the following formula: OSI = TOS (umol H,O, Eq/1)/TAS (pmol
Trolox Eq/l).

The PON1 enzyme activity was measured by using commer-
cially available kits (Rel Assay Diagnostics). The fully automated
PONI activity measurement method consists of two different se-
quential reagents. The first is an appropriate Tris buffer, contain-
ing calcium ion which is a cofactor of the PON1 enzyme. The sec-
ond is paraoxon ethyl that hydrolyses paraoxon and increases the
adsorbance at 412 nm. The linear increase of the absorbance of
p-nitrophenol produced from paraoxon is subtracted from the to-

Med Princ Pract 2014;23:426-431
DOI: 10.1159/000363700

427


http://dx.doi.org/10.1159%2F000363700

tal rate of hydrolysis. The molar absorptivity of p-nitrophenol is
18,290 M~! cm~!and 1 unit of paraoxonase activity is equal to 1 mol
of paraoxon hydrolyzed per liter per minute at 37°C [16].

Statistical Analysis

Statistical analysis was performed with the Predictive Analytics
software statistics program, version 13.0. Median and interquartile
ranges were used for metric variables. The Mann-Whitney U test
was used to calculate the difference of two parameters in groups,
and the Kruskal-Wallis test was used for calculating the difference
of two parameters in groups with more than two in the same group
and between different groups. Multiple comparisons were made
using the Pearson correlation. Linear regression analysis was used
to evaluate the effects of factors on dependent variables. Categori-
cal data were evaluated using the x? test; p < 0.05 was accepted as
statistically significant.

Results

In the TB group, 27 (67.5 %) children had a history of
household contact and 33 (82%) had positive tuberculin
skin tests. All the patients had radiological findings con-
sistent with TB nonresponsive to nonspecific therapy
with antibiotics, and 17 (42%) had positive MTB cultures.
The dominant clinical features of the children with TB
were cough in 32 (80%), fever in 19 (47.5%), weight loss
in 18 (45%), night sweats in 17 (42.5%) and weakness and
anorexia in 20 (50%). They all responded to anti-TB ther-
apy.

The BMI SDS and relative weight were lower in the TB
group than in the healthy controls, but did not reach a
statistically significant level (p = 0.33 and 0.81, respec-
tively; table 1).

The laboratory findings of both the study and control
groups revealed no statistically significant difference be-
tween the biochemical parameters. Mean hemoglobin
(12.1+1.1and 12.9 + 1.3 g/dl), albumin (4.2 + 0.4 and 4.5
+ 0.2 g/dl) and total protein (6.9 + 0.6 and 7.1 + 0.2 g/dl)
were not statistically different between the two groups
(p = 1.13, 0.74 and 0.46, respectively).

The TAS levels were lower and the TOS levels were
significantly higher in the TB group than in the control
group (p < 0.001). The OSI was significantly higher in the
TB group than in the controls (p = 0.006). Serum PON1
levels were significantly lower in the TB group than in the
controls (p <0.001; fig. 1). There was a significant positive
correlation between the PONI1 levels and the OSI (r =
-0.255, p = 0.023) and TAS levels (r = 0,264, p = 0.018;
table 2). The Pearson correlation analysis disclosed that
levels of TAS, TOS, OSI and PON1 did not correlate with
anthropometric parameters (table 2).
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Table 1. Characteristics of children in the TB and control groups

Children with TB  Healthy controls p

(n =40) (n =40)
Age, years 9.2+4.7 8.3+4.2 0.97
Male/female, n 18/22 20/20 0.5
BMI SDS -0.62+1.2 -0.3+£0.8 0.33
Relative weight 98.2+13.1 102.2+11.5 0.81

Values represent mean + SD unless otherwise indicated.

Discussion

This study showed that oxidative stress levels were high-
er and antioxidant status was lower in the children with TB
than in the healthy controls. Normally, ROS are produced
in the cells at basal levels as a result of the metabolic process,
but they are contained and neutralized by various antioxi-
dant systems that exist in every cell. The high levels of oxi-
dative stress in TB patients could be due to the increased
production of ROS brought about by a major response of
macrophages to inflammatory stimuli or infection, that oc-
cur in the initial phase of TB infection. This response of the
macrophages disrupts the balance between the oxidant and
antioxidant systems in favor of oxidative damaging [17].
Our findings confirmed the contribution of oxidative stress
to the pathogenesis of active TB [18-20]. Dalvi et al. [18]
reported that oxidative parameter levels were significantly
increased in adult subjects who had pulmonary and extra-
pulmonary TB. They also reported that the increased oxida-
tive stress was not completely reversed after 6 months of
anti-TB treatment. Studies using serum malondialdehyde
concentration for a measure of lipid peroxidation also re-
vealed significantly higher oxidative stress in TB patients
than in healthy controls [19, 20]. However, we did not mea-
sure a selected antioxidant parameter but rather the total
antioxidant and oxidant status that necessarily reflect the
actual free radical burden in these patients.

The antioxidant homeostasis depends on multiple fac-
tors such as antioxidant enzymes, micronutrients and di-
etary composition. Dietary antioxidant vitamin status is
usually poor in TB patients of lower socioeconomic status
and this could possibly explain the low levels of antioxi-
dant potential of the TB patients in our study. Malnutri-
tion might be one of the factors that reduced the antioxi-
dant response. Although the lower BMI SDS and relative
weight in the TB group did not reach statistically signifi-
cant levels compared to those in the healthy controls, it
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Table 2. Pearson correlation analyses of TAS, TOS, OSI and paraoxonase levels in the TB group

TAS TOS OSI PON1
r ) r r p r P
Age (years) 0.161 0.155 -0.037 0.746 -0.141 0.211 0.054 0.635
Gender -0.169 0.134 0.366 0.001 0.249 0.026 -0.298 0.007
BMI SDS 0.077 0.554 -0.116 0.371 -0,031 0.811 0.085 0.509
Relative weight 0.077 0.741 -0.264 0.247 -0.193 0.402 -0.131 0.572
PON1 (U/1) 0.264 0.018 -0.179 0.112 -0.255 0.023 - -
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Fig. 1. Levels of serum TAS, TOS, OSI and TB group " Control group | TB group " Control group |
PONT1 in the TB and control groups.

could be assumed that children with TB were mildly mal-
nourished due to an acute starvation stage that was not
yet reflected in the anthropometric parameters in the ini-
tial phase of the infection.

Our results for pediatric patients are similar to those in
studies on adults [21, 22]. One study, investigating the an-
tioxidant status of healthy and TB-infected individuals
from a community with a high incidence of TB as well as in
TB patients at various stages of anti-TB drug treatment,
showed that the active TB patients had significantly lower
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levels of TAS than the healthy controls [22]. In addition, the
total antioxidant status of TB patients correlated with anti-
oxidant vitamin levels. Similar results were revealed in the
study by Sharda [1] on the role of free radicals in childhood
TB. Antioxidant levels were found to be lower in the TB
cases (18 of the respiratory system, 6 of the lymph nodes
and 5 of the central nervous system) than in the healthy
controls, with the lowest levels of antioxidant vitamins be-
ing observed in the central nervous system TB when com-
pared to the TB of the respiratory system and lymph nodes.
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PON1 is a calcium-dependent esterase that hydrolyzes
a broad spectrum of oxidized lipids [23]. Owing to an in-
crease in lipid and protein oxidation products and a de-
crease in antioxidant enzymes and vitamins, oxidative
stress is associated with decreased PON1 expression and
activities [24]. Serum PONI1 expression is downregulated
by oxidative stress [25]. In our study, serum PONI1 activ-
ity was significantly lower in the pulmonary TB patients
than in the controls, indicating that the OSI was nega-
tively correlated with PONI1 levels and that antioxidant
levels were positively correlated with PONI1 levels in the
TB patients. The high OSI and low TAS levels could be
related to low PONT1 activity which led to increased sus-
ceptibility to lipid peroxidation.

The mechanism of the low PON1 activity in TB pa-
tients is not well known. Proinflammatory cytokines play
a major role in the local immunity against MTB [26].
These peptides contribute to antimicrobial chemokines
and elicit a local inflammatory response. Studies have
shown that proinflammatory mediators decrease PON1
activity and its gene expression [27, 28]; they show a re-
duction in PON1 mRNA expression in vitro by IL-6, IL-1
and TNF-a. It might be speculated that the low level of

paraoxonase activity in TB patients was associated with
the proinflammatory cytokines that are competent in
modulating PON1 expression. Our findings confirmed
those of previous studies regarding the level of total anti-
oxidant status and paraoxonase activity in TB in adult
patients. Selek et al. [29] report that total oxidant status
was enhanced while serum basal and salt-stimulated
PONI1 and arylesterase activities were lower in TB pa-
tients than in controls. Naderi et al. [23] also report that
the serum PONI1 activity was lowest in adult TB patients
when compared to non-TB pulmonary disease patients
and healthy controls.

Conclusion

The OSI was high and PON1 levels were low in our
pediatric patients with pulmonary TB. These findings
further support the general idea that mycobacterial infec-
tions could induce ROS which might promote tissue in-
jury and inflammation. Increased oxidative stress might
lead to the downregulating of serum PONT activity in pe-
diatric TB patients.
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