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Background: Respiratory distress syndrome of the neonate (neonatal RDS) is still an important problem in treat-
ment of preterm infants. It is accompanied by inflammatory processes with free radical generation and oxidative
stress. The aim of study was to determine the role of oxidative stress in the development of neonatal RDS.
Methods:Markers of oxidative stress and antioxidant activity in umbilical cord bloodwere studied in infants with
neonatal respiratory distress syndrome with reference to healthy newborns.
Results: Status of markers of oxidative stress (malondialdehyde, protein carbonyl and 8-hydroxy-2-deoxy
guanosine) showed a significant increase with depleted levels of total antioxidant capacity in neonatal RDS
when compared to healthy newborns.
Conclusion: The study provides convincing evidence of oxidative damage and diminished antioxidant defenses in
newborns with RDS. Neonatal RDS is characterized by damage of lipid, protein and DNA, which indicates the
augmentation of oxidative stress.
General significance: The identification of the potential biomarker of oxidative stress consists of a promising strat-
egy to study the pathophysiology of neonatal RDS.

© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Oxidative stress is an imbalance between the systemicmanifestation
of reactive oxygen species and a biological system's ability to readily
detoxify the reactive intermediates or to repair the resulting damage.
It is a physiological event in the fetal-to-neonatal transition, which is
actually a great stress to the fetus. These physiological changes and
processes greatly increase the production of free radicals, which must
be controlled by the antioxidant defense system, the maturation of
which follows the course of the gestation. This could lead to several
functional alterations with important repercussions for the infants.
Adequately mature and healthy infants are able to tolerate this drastic
change in the oxygen concentration. A problem occurs when the
intrauterine development is incomplete or abnormal. Preterm or intra-
uterine growth retarded (IUGR) and low birth weight neonates are

typically of this kind [1,2]. An oxidant/antioxidant imbalance in infants
is implicated in the pathogenesis of the major complications of prema-
turity including respiratory distress syndrome (RDS), necrotizing en-
terocolitis (NEC), chronic lung disease, retinopathy of prematurity and
intraventricular hemorrhage (IVH).

In neonates born with respiratory distress syndrome, respiratory
failure due to deficient alveolar development and surfactant production
could be complicated by diminished antioxidant stores and enzymatic
antioxidant inducibility. The premature newborn's lung is particularly
susceptible to oxidant stress because there are many sources of reactive
oxygen species (ROS) production and a relative lack of antioxidant
defenses. A fully developed lung armed with sufficient defense is
therefore critical in ensuring that the newborn lung is resistant to high
O2 tensions.

Infant respiratory distress syndrome (IRDS), also called neonatal
respiratory distress syndrome or respiratory distress syndrome of
newborn, previously called hyalinemembrane disease (HMD), is a syn-
drome in premature infants caused by developmental insufficiency of
surfactant production and structural immaturity in the lungs. IRDS
affects about 1% of newborn infants and is the leading cause of death
in preterm infants [3]. When born too early, infants are delivered with
a very immature stage of lung development, the late canalicular stage
for infants born at 24–26 weeks (i.e., for ELBW infants), and early or
mild saccular stage for those born after 26 but before 32 weeks of
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gestation (in part ELBW and all very low birth weight (VLBW) infants)
[4]. Preterm birth occurring during the late canalicular or early saccular
stage is very likely to lead to severe respiratory distress syndrome
(RDS). The poorly developed peripheral airways and immaturity of
cells important for lungmaturation are themajor causes of poor surfac-
tant production by type II cells and inadequate antioxidant responses to
increased ambient oxygen. For instance, the superoxide dismutase
(SOD) activity appears in the developing lungs concomitantly with the
surfactant synthesis by type II pneumocytes [5].

When phagocytes such as neutrophils are stimulated by microor-
ganisms or other means, they become activated and increase their oxi-
dative metabolism; as a result, toxic oxygen and nitrogen derivatives,
i.e., ROS/RNS, are formed. If these toxic products are not inactivated,
their high chemical reactivity leads to damage to a variety of cellular
macromolecules including proteins, carbohydrates, lipids and nucleic
acid. This results in cell injury and may induce respiratory cell death
[6]. Under these conditions, a surfactant deficiency may be aggravated
by inactivation of the small amount of endogenous surfactant that is
produced [7]. Furthermore, if exogenous surfactant is given this may
also be destroyed [8,9].

An attempt has been made to investigate the alterations in the
biochemical parameters of oxidant/antioxidant by quantification of
levels of 8-hydroxy-2-deoxy guanosine (8-OHdG), protein carbonyl
and malondialdehyde (MDA) along with total antioxidant capacity in
study subjects and healthy controls. Umbilical cord blood provides valu-
able information regarding the status of the infant at birth. Cord blood
parameters can be considered as early predictors of some of the
metabolic disorders in future adult life. Based on this concept, our
present observational study aims at evaluating the cord blood oxidative
stress parameters in newborns with respiratory distress syndrome and
provides a concise view of their current status among the healthy
newborns.

2. Materials and methods

A case–control study was conducted in the Department of Biophys-
ics in collaboration with Department of Pediatrics, IMS, BHU, Varanasi.
Cord blood samples from a total of 36 pregnant women were collected
at the time of the delivery. The study group consisted of 16 preterm
low birth weight newborns with diagnosis of RDS. The control group
was composed of 20 preterm low birth weight newborns. All the sub-
jectswere selected from theDepartment of Obstetrics andGynaecology,
University Hospital, Banaras Hindu University (India). RDS was diag-
nosed on the presence of typical clinical and radiological signs of the dis-
ease in the preterm infants. Newborns were considered to have RDS if
they have tachypnea, grunting and cyanosis with several hours of
birth required mechanical ventilation and typical radiographic findings
on the chest X-ray. The diagnosis was established from the clinical
symptoms and needed for oxygen treatment.

Ethical approval and permission for the study was taken from
the Ethical Committee of Institute of Medical Sciences, Banaras
Hindu University (India). Informed consent was taken from the
patients/attendants from all the studied subjects purely for of re-
search purpose. With all aseptic precautions cord blood samples
(with and without heparin) of all studied subjects were collected.
The blood samples were centrifuged at 5000 rpm for 10 min and
plasma/serum was separated and stored at −20 °C. The samples
were assayed in triplicate for statistical purposes.

Exclusion criteria of the study were infection, hemolytic disease,
major malformations, hypertension disorder and newborns with histo-
ry of difficult delivery, genetic disorder and fetal distress. The weight of
the newborn was recorded immediately after delivery in Secaweighing
scale with an accuracy of 5 g. Maternal age, height, weight, date of last
menstrual period, medical history and reproductive history were
obtained from the hospital record.

2.1. Malondialdehyde—marker of lipid peroxidation

Plasma malondialdehyde (MDA) levels in the cases and controls
were assayed by thiobarbituric acid reactive substances (TBARS) tech-
nique of Philpot [10]. The sample (1 ml) was mixed thoroughly with
2 ml of TCA–TBA–HCl (15% w/v TCA and 0.375% w/v TBA in 0.25 N
HCl). The mixture was heated in a boiling water bath for 15 min. The
samples were centrifuged at 1000 rpm for 10 min. The absorbance of
the sample was determined at 530 nm in a spectrophotometer against
a suitable blank. The malondialdehyde concentration of each sample
was calculated by using extinction coefficient of 1.56 × 105 M−1 cm−1.

2.2. Protein carbonyl—marker of oxidative protein damage

Plasma protein carbonyl wasmeasured using spectrophotometric
DNPH method [11]. The assay is based on the spectrophotometric
detection of the reaction between 2,4-dinitrophenyl hydrazine
(DNPH) with protein carbonyl to form protein hydrazone. Carbonyl
content was determined as nmol/mg protein. The intra- and inter-
assay coefficients of variations were 4.7% and 8.5%, respectively.
The total protein content was measured using colorimetric kit
based on biuret method [12].

2.3. 8-OHdG—marker of oxidative DNA damage

Serum of all the cases and control samples was used for the
measurement of 8-OHdG levels using competitive in vitro enzyme-
linked immunosorbent assay (ELISA) kit obtained from Caymen Chem-
ical Company U.S.A.[13]. 8-OHdGmeasurements were performed using
microtiter ELISA plate pre-coated with anti-mouse IgG. 50 μl sample,
50 μl 8-OHdG AChE (Acetylcholinesterase) tracer and 50 μl 8-OHdG
monoclonal antibody were added to each well and incubated at 4 °C
for 18 h. After thewells were washed five times, 200 μl Ellman's reagent
was added to each well. The wells were incubated at room temperature
in the dark for 100 min. The absorbance was read at wavelength of
420 nm. ELISA assay displays IC50 (50% B/B0) and IC80 (80% B/B0) values
of approximately 100 and 30 pg/ml, respectively.

2.4. Total antioxidant status (TAS)—marker of oxidative defense

The plasma total antioxidant status was determined using Randox
assay kit [14]. The assay was based on the principle that ABTS (2,2′-
Azino-di-[3-ethylbenzthiazoline sulphonate]) is incubated with a
peroxidase and H2O2 to produce the radical cation ABTS+. This has a
relatively stable blue green color, which is measured at 600 nm. Antiox-
idant in the cord blood causes the suppression of this color production
to a degree which is proportional to their concentration.

2.5. Statistical analysis

Data were expressed as the mean ± SD. A chi-square test was used
for comparison of non-parametric data. An independent-sample t-test
was used for comparison of parametric variables. Logistic univariate
regression was chosen as inferential analysis, instead of multivariate
logistic regression for the lack of data, and it checked the relation
between the presence/absence at least one of disease as a dependent
variable and each oxidative stress marker as an independent variable.
Through the logistic model, it is possible to calculate estimated coeffi-
cients (B), standard error (SE),Wald statistic, significance (p) and expo-
nential or odds ratio Exp(B) with the relative confidence interval (95%
CI). p b 0.05 was considered as statistically significant. The index risk
was calculated using the SPSS statistical software package (SPSS 16).
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