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Abstract. Despite recent advances in preterm newborns healthcare, the incidence of neonatal pathologies and disabilities
still remain unacceptable high. The deﬁciency of antioxidant
systems and the high free radicals (FRs) production may cause several neonatal diseases, such as Retinopathy of Prematurity
(ROP), Bronchopulmonary Dysplasia (BPD), Necrotizing Enterocolitis (NEC), Patent Ductus Arteriosus (PDA), Periventricular
Leukomalacia (PVL) and Intraventricular Hemorrhage (IVH), representing facets of the ‘Free Radical-Related Diseases’ (FRD).
The aim of this study is to verify the association between FRD and blood levels of reliable oxidative stress (OS) biomarkers
in preterm newborns. We enrolled 178 preterm newborns born consecutively at the General Hospital “Santa Maria alle Scotte”
in Siena, between 23 and 34 weeks (30,36±2.97) of gestational age, with birth-weight from 430 to 2890 grams (1453±593).
After birth, we evaluated in the cord blood the markers of potential risk of OS (Non Protein-Bound Iron, NPBI) and the
markers of FR damage (Total Hydroperoxides, TH; Advanced Oxidation Protein Products, AOPP). For each newborn, we assessed the presence or absence of the following diseases, considering as FRD the presence of one at least: ROP, BPD, NEC,
PDA, PVL, IVH. The univariate logistic regression showed a signiﬁcant association between FRD and OS related markers.
Risk assessment of FRD was higher in newborns with higher values of each OS marker: respectively TH (OR=1.013, p=0,000),
AOPP (OR=1.017, p=0,036), NPBI (OR=1.077, p=0.039). Perinatal OS exposure is linked to the main diseases of prematurity.
The evaluation of OS biomarkers in preterm newborns through the analysis of umbilical cord blood, can be useful and predictive for early identiﬁcation of infants at risk for FRD in order to devise appropriate and timely prevention and treating
strategies.
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(PVL), Intraventricular Hemorrhage (IVH), Oxidative Stress (OS), NonProtein-Bound Iron (NPBI), Total Hydroperoxides
(TH), Advanced Oxidation Protein Products (AOPP).
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Preterm birth can result in significant developmental
disability and several studies have identified Retinopathy of Prematurity (ROP), Bronchopulmonary Dysplasia
(BPD), Necrotizing Enterocolitis (NEC), Patent Ductus
Arteriosus (PDA), Periventricular Leukomalacia (PVL)
and Intraventricular Hemorrhage (IVH) as major causes
of adverse outcome for preterm neonates [1-3].
Preterm birth represents a unique event for the developing fetus and many important environmental factors, including inflammation, hypotension and
hypoxemia contributing to morbidity, have been identified. Following hypoxia, hyperoxia, ischemia and inﬂammation, a cascade of several biochemical events
occurs and the endpoint is free radicals (FRs) overproduction [4-10]. Iron ions, serving as transition metal

molecules catalyzing hydroxyl radical production via
the Fenton reaction and the Haber-Weiss cycle, accumulate in cells, after the occurrence of transient hypoxia-ischemia. Iron and FRs may result in DNA
strand breaks[11], protein and lipid peroxidation[12],
cellular inflammation[13] and death[14,15].
In preterm newborns, the overproduction of FRs and
the insufficiency of antioxidant mechanisms result in
oxidative stress (OS). OS induces cellular, tissue and
organ impairment due to the disruption of physiological balance between pro-oxidant and anti-oxidant
agents [16].
The sequelae of oxidative injury include conditions
such as of ROP, PVL, BPD, NEC, PDA and IVH [17-24],
representing different facets of the “Free Radical Related
Disease” (FRD). Unfortunately, despite the improvement in perinatal care and survival of premature infants,
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Statistical analysis
Associations between FRD presence/absence and the
OS markers were analyzed first through descriptive and
then inferential analysis. Summary statistics of data were
expressed as mean (with SD), minimum and maximum
for descriptive analysis of continuous variables, whereas
categorical variables were reported absolute frequencies
(Table 1). Logistic univariate regression was chosen as
inferential analysis, instead of multivariate logistic regression for the lack of data, and the relation between
the presence/absence at least one of FRD as a dependent
variable and each OS marker as an independent variable
was checked. Through the logistic model it is possible to
calculate significance (p value) and exponential or odds
ratio (Exp B). A p-value less than 0.05 was considered significant. This was useful to show if the increase of OS
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One hundred and eighty-nine preterm newborns born
consecutively at the General Hospital “Santa Maria alle
Scotte” in Siena from 1/1/2006 to 1/1/2009 were enrolled. Newborns with major congenital malformations,
inborn errors of metabolism, incompatibility group were
excluded from the study. Eleven babies died soon after
birth. Thus the final neonatal cohort consisted of 178 babies with a gestational age (GA) between 23 and 34
weeks (mean: 30,36±2,97) and birth weight (BW) between 430 and 2890 grams (mean: 1453±593). Heparinized blood samples were drawn from the umbilical
vein after cord clamping immediately after delivery.
Complete blood cell count and gas analysis were performed. Variables selected for statistical evaluation were:
GA; BW; presence/absence and type of pathology (IVH,
BPD, PDA, PVL, NEC and ROP); markers of OS potential
risk non-protein bound iron, NPBI) and markers of OSlinked damage (total hydroperoxides, TH; advanced oxidation protein products, AOPP) were assessed. NPBI,
being redox cycling active, has pro-oxidant properties because it can enter in Fenton reaction producing hydroxyl
radical, the most oxidant molecule in biological systems.
TH are indices of overall FRs attack, because they are indicative of intermediate oxidative products of lipids, peptides and amino acids. AOPP are terminal products of
protein exposure to FRs without oxidant properties [25].
To avoid storage effects, all analyses were carried out
in plasma within 2 h of blood sampling. NPBI plasma
levels were detected by HPLC using the method described by Kime and colleagues, but with some modifications[25]. NPBI and AOPP assays were performed
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in duplicate to avoid methodological variations. AOPP
were measured as described by Witko-Sarsat and colleagues using spectrophotometry on a microplate
reader. TH production was measured with the d-ROMs
Kit (Diacron Srl, Grosseto, Italy) [25].
Brain ultrasonography was performed within 48 h after
birth with real-time ultrasound machine with transducer
frequency emission of 7.5 mHz (Interspec Apogee, Milan,
Italy) in all preterm newborns. The scans were repeated
serially according to clinical conditions and at least every
5 or 6 days until a mean postmenstrual age of 40 weeks
to check for IVH according to Perlman et al.[26]. The occurrence of IVH was diagnosed according to Papile et al.
[27]. Ophthalmoscopic evaluations were scheduled in all
infants with less than 32 weeks and in all who needed
O2 therapy; checks were then repeated weekly until retinal maturation. Bronchopulmonary dysplasia was defined as the need for supplemental oxygen at 36 weeks’
postmenstrual age, in agreement with the new classification system [28]. The NEC diagnosis was based on the
discovery of some radiographic findings such as intestinal
dilation, ileus and intestinal pneumatosis, in combination
with clinical and laboratory signs and symptoms [29].
Clinical management was the same for all infants. Clinicians were blind to the laboratory test results.
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the incidence and severity of these diseases is still high.
FRD prevention and early diagnosis, through the detection of specific biomarkers, are useful to improve
short and long term outcomes in premature infants.
This study tests the hypothesis that levels of OS biomarkers early assessed in cord blood of preterm newborns may predict the later onset of FRD.

Table 1. Characteristics of study-group.

Discharge out come

Mean±SD

range (min-max)

GA (weeks)

Normal and affected infants

30,36±2.97

23-34

Birth weight (g)

Normal and affected infants

1453.11±593.54

430-2890

AOPP (μmol/L)

Affected infants
Normal infants

17,192±11,1054
11,181±5,8186

0-43
0-26

TH (UCARR/L)

Affected infants
Normal infants

105,58±89,525
81,44±34,54

15-333
8-161

NPBI (μmol/L)

Affected infants
Normal infants

4,6732±5,79042
2,1503±3,58823

0-28,98
0-26,21
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A summary of study-group characteristics with concentration mean of OS biomarkers in sick and healthy
newborns has been reported in Table 1.
Table 2 shows frequencies and relative percentages
of each disease considered within FRD, defined as the
presence of at least one of such pathologies.
Descriptive analysis showed that affected babies had
higher means of TH, AOPP and NPBI (Table 1). Univariate logistic regression gives significant p values for
each marker we evaluated (NPBI: p= 0,039, OR=1,077;
AOPP: p=0,036, OR=1,017; TH: p=0,000, OR=1,013).
Especially, NPBI seems to be the best predictor marker
of OS (Table 3).
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Oxygen and derived metabolites, collectively termed
reactive oxygen (ROS) and reactive nitrogen species
(RNS), are persistently produced in aerobic organisms.
When generated in excess, ROS mutilate molecules and
are important mediators of cell and tissue damage [30,31].
FRs are highly unstable and normally their formation
is controlled by several beneficial compounds known
as antioxidants; these protective molecules are part of
the antioxidant defence system. There is a critical balance between FRs generation and antioxidant defences: when FRs production is exacerbated or
scavenging insufficient, dysregulation of many biological processes occurs. FRs lead to the oxidation of
lipids, proteins, polysaccharides and to DNA damage
(fragmentation, base modifications and strand breaks);
as a consequence, radicals have a wide range of biologically toxic effects. Newborns, especially if born prematurely, are very susceptible to free radical oxidative
damage, for many reason: (a) infants at birth are naturally exposed to the hyperoxic challenge due to the
transition from the hypoxic intrauterine environment
to extrauterine life and this gap is even more significant for newborns that require supplemental oxygen
during resuscitation in the delivery room; (b) they are
more susceptible to infection, especially if born prematurely; (c) the antioxidant defences are reduced ; (d) the
high levels of free iron enhances the Fenton reaction
causing the production of highly toxic radicals [24]. OS
likely contributes to the severity of several newborn
diseases, that represent facets of “Free radical diseases
of neonate.” The concept implies that OS affects a variety of organs, often simultaneously, and gives rise to
different signs according to the organ most damaged
[32-34]. This means that the above-mentioned conditions are not different disease entities but are simply
different organ manifestations of the same complex
processes of OS and metabolism.
Previous our studies showed that intrauterine
growht restriction, low birth weight, premature rupture of membranes and preterm delivery itself may
occur as consequence OS injury, resulting as an early
exposure to FRs during pregnancy[35]. Moreover, a direct relationship between hypoxia levels and FRs production in fetal life has been demonstrate[4,36].
In this study we found a significant association between OS biomarkers and neonatal diseases, showing
that OS is an important risk factor for neonatal FRD.
In particular, our data showed that the risk of developing FRD is increased in babies with high levels of TH,
AOPP and above all NPBI in cord blood. The evaluation of samples from the umbilical cord blood at birth
is meaningful, showing that neonatal pathologies are
linked to FRs injury already in womb.
Especially, we pointed out the stronger association between FRD and NPBI levels than other biomarkers, underlining the role of NPBI as the best predictor of OS.
Therefore, the evaluation of OS biomarkers assessment can be considered as an useful device in the early
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marker values in cord blood was a risk factor for the development of such pathologies. The above tests were performed using the SPSS V.20 for Windows statistical
package (SPSS Inc, Chicago, IL, USA).

al

DISCUSSIOn AnD COnClUSIOnS

m
er

ci

Although neonatal pathologies have multiple causes,
FRs damage is widely recognized as main aethiopathogenic mechanism[5,6].

ROP
PDA

-c
7 (3,9%)

on

NEC

number of cases (%)

16 (9%)

N

Disease

om

Table 2. FRD frequencies and respective percentages in study
population.

45 (25,3%)

BPD

18(10,1%)

PVL

8 (4,5%)

IVH 1°

26 (14,6%)

IVH 2°

6 (3,4%)

IVH 3°

9 (5,1%)

Table 3. Inferential analysis results: p values and ORs for each
markers evaluated.

Marker

P value

Odds ratio

NPBI

0,039

1,077

AOPP

0,036

1,017

TH

0,000

1,013
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identification of FRD risk in newborns, in order to allow
appropriate treatments and timely prevention strategies.
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