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Neonates undergo a dramatic change during the process of childbirth by an increase in
oxidative aggression. The fetus exchange a low oxygen intrauterine environment, with PO, of
20-25 mmHg and a low presence of free radicals, for another with a relative high oxygen
extrauterine environment, with PO, of 100 mmHg. This change results in considerable oxidative
stress.

Damage due to free radicals, including reactive oxygen species and reactive nitrogen
species, is thought to be one of the common mechanisms for several neonatal diseases especially
in preterm infants. Chronic lung disease of neonate, retinopathy of prematurity, necrotizing
enterocolitis, and hemolytic diseases of neonate are accepted as caused by the excessive
production of oxygen or nitrogen free radicals. The oxidative aggression suffered by the neonate
is counteracted by the maturation of complex antioxidant defense systems, including both
enzymatic systems (superoxide dismutase, catalase, glutathione peroxidase, etc.), and
non-enzymatic systems (vitamins E, A, C ). Despite the knowledge that has been advanced in
recent years regarding the oxidative stress and antioxidant mechanism, there have remained
guestions about the maternal-fetal transfer of antioxidant defense mechanism and the free
radical and antioxidant status in neonates during perinatal period.

Retinopathy of prematurity (ROP) is a disease of the incompletely vascularized immature
reteina characterized by retinovitreal neovascularization. It develops in more than 80% of
premature survivors born at <28 weeks gestation. Some evidences, by estimating the
associations between protein oxidation and lipid peroxidation products and retinopathy of
prematurity, indirectly suggest that reactive oxygen species and reactive nitrogen species may
play important roles in the pathogenesis of ROP. However, direct evidence that oxidation plays a
causative role in ROP is limited. It is not always clear whether the association between oxygen
and ROP just reflect a higher disease incidence in the very-low- birth-weight infants who
receive more oxygen. Besides, the assay procedures of protein oxidation and lipid peroxidation
products may be different and nonspecific, newer and more sensitive tests is warranted.

We have developed to use a characteristic emission spectrum analysis of the
chemiluminescence (CL-spectrum) with small amount of body fluids for the first time to
evaluate the specific reactive oxygen species (ROS) activity including H,O, and HOCI in the
plasma and to adapt a chemiluminescence-high performance liquid chromatography (CL-HPLC)
for measurement of PCOOH before and after the dialysis session, in the absence and presence of
antioxidant treatment.

We hypothesize that the contents of free radicals and the antioxidant defense system are
different between the preterm infants with ROP and those without ROP. We propose a two-year
research project. In the first year of the project, 20 preterm and 20 term infants will be enrolled.
We will detect the oxygen free radicals of cord blood and blood/ urine samples collected 3 days



after birth from these neonates. In addition, we will prospectively enroll 20 preterm infants with
gestational age less than 30 weeks or birth weight less than 2000 grams. The clinical data
including birth weight, sex, gestation age, days on oxygen and/or ventilator will be collected.
The ROP check-up will be performed by an ophthalmologist regularly after postnatal age of 4
weeks. We will also detect the oxygen free radicals of the tears samples collected on Days 7, 14,
21, 28 after birth in these preterm infants. In the second year of the project, further cases of
preterm infants will be enrolled for study.

()

Oxidative Sressin the Neonate
Neonates undergo a dramatic change during the process of childbirth by an increase in
oxidative aggression. The fetus exchange a low oxygen intrauterine environment, with PO, of
20-25 mmHg and a low presence of free radicals, for another with a relative high oxygen
extrauterine environment, with PO, of 100mmHg. This change results in considerable oxidative
stress in the neonates™?.

Oxidative Radical Disease in Neonatology

Damage due to free radicals, including reactive oxygen species and reactive nitrogen
species, is thought to be one of the common mechanisms for several neonatal diseases especially
in preterm infants. Chronic lung disease of neonate, retinopathy of prematurity, necrotizing
enterocolitis, and hemolytic diseases of neonate are accepted as caused by the excessive
production of oxygen or nitrogen free radicals>.

Reactive Oxygen Species and Reactive Nitrogen Species in the Developing Ocular
Vasculature

Retinopathy of prematurity (ROP) is a disease of the incompletely vasularized immature
retina characterized by retinovitreal neovasularization®.lt develops in more than 80% of
premature survivors born at < 28 weeks gestation’. Several evidences indirectly suggest that free
radicals including reactive oxygen species and reactive nitrogen species have associations with
the pathogenesis of retinopathy of prematurity. However, direct evidence that oxidation plays a
causative role in ROP is limited™. Evidence for free radical injury comes mainly from
measurements of biochemical markers of protein oxidation and lipid peroxidation. Besides, the
associations of oxidant markers with ROP were not consistent “*°. The inconsistency of these
associations may just reflect a higher disease incidence in the lowest birth weight infants who
receive more oxygen, and uncertainty of assay specificity is an another concern'®. Protein
carbonyls, lipid peroxidation products such as malondialdehyde, and glutathione status has
usually been used for evaluating the associations®°. However, the concentrations of oxygen
free radicals including hydrogen peroxide, superoxide, nitric oxide products have not been
measured for evaluation of the associations with ROP. There is a great similarity between the
retina and red blood cells in human beings concerning the membrane structure, the metabolism,
and the antioxidant mechanism™*2 The direct measurement of free radicas and
antioxidantstatus in preterm infants for evaluating the association with ROP is warranted.
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Using our newly developed technique of chemiluminescence spectrum, we can measure the
oxygen free radicals with small amount of body fluids in preterm infants. With coordination
among Departments of Pediatrics, Ophthalmology, and Medical Research in National Taiwan
University Hospital and National Taiwan University College of Medicine, we will perform a
collaborative study to explore the possible relationships between the reactive oxygen species,
the reactive nitrogen species, the antioxidant status, and the pathogenesis and the severity of
ROP,

()

We propose a two-year research project. In the first year of the project, w expect that 20
preterm and 20 term infants will be enrolled. We will detect the oxygen free radicals, nitric
oxide products, and antioxidant status of cord blood and blood/ urine samples collected 3 days
after birth from these neonates. In addition, we will prospectively enroll preterm infants with
gestational age less than 30 weeks or birth weight less than 2000 grams. The clinical data
including birth weight, sex, gestation age, days on oxygen and/or ventilator will be collected.
The ROP check-up will be performed by an ophthalmologist regularly after postnatal age of 4
weeks. We will also detect the oxygen free radicals, nitric oxide products, and antioxidant status
of the blood samples and/or urine samples collected from cord blood and on Days 1, 7, 14, 21,
28 after birth in these preterm infants. In the second year of the project, further case collection
of preterm infants will be enrolled for study.

M easurement of oxidized parameters

In the presence of H,O,, the enzyme MPO can generate tyrosyl radicals by abstraction of
H" from the —OH group on tyrosine, and the tyrosyl radicals may participate in the oxidation of
lipid and proteins. When atyrosyl radical is generated in biological systems, it often cross-links
to give a fluorescent adduct, dityrosine, which can be determined with a fluorometer (Hitachi
F-2500, Tokyo, Japan), as described previously™. The sample (5 pl of serum in 1 ml of distilled
water) will be measured at an excitation wavelength of 315 nm and an emission wavelength of
410 nm.

The hydroxyl radical, an important product of ROS, is known to play a role in the
biosynthesis of MG, which contributes to toxicity in uremic patients. The MG with fluorescent
activity, as an indirect measure of hydroxyl radical activity, will be determined as described
previously™?. The sample will be assayed at an excitation wavelength of 395 nm and an emission
wavelength of 500 nm. The concentrations of dityrosine or MG will be displayed as
fluorescence intensity/mL (FI/mL).

() -
The study was approved by the institutional review board of National Taiwan University

hospital, Taipel, Taiwan. It was performed between January and December 2003 in the
Neonatology Unit of this institution. Written informed parental consent was obtained before
enrollment in the study. In our study, 15 preterm and 15 term infants would be enrolled. The
gender, gestational age, Apgar score, and modes of delivery were also collected for analysis.



Cord blood and blood samples at age of three days were collected for the detection of
Luminol-dependent Reactive Oxygen Species (mainly H202) and L ucigen-dependent Reactive
Oxygen Species (mainly superoxide). (Five milliliters of cord blood and one milliliter of
neonatal blood will be placed in a heparin-rinsed tube on ice. Plasma will be separated from
blood cells by centrifugation at 3,000 xg for 5 min at 4°C.) The plasmawere immediately stored
at -70°C and analyzed within 2 weeks. Chemiluminescence (CL) signals emitted from the “test
mixture” of plasma, H202 (or HOCI), and CL-emitting substance [i.e.,luminol
(5-amino-2,3-dihydro-1,4-phthalazinedione) and lucigen, Sigma, St. Louis, MO, USA] will be
measured with a multi-wavelength chemiluminescence spectrum analyzer (CLA-SP2, Tohoku
Electronic Ind. Co., Sendai, Japan). All values will be expressed as meantSEM, and p 0.05
will be considered to indicate statistical significance. The values will be analyzed by t-test and
ANOVA for repeated measures where appropriate.

Table 1. Comparison of plasma reactive oxygen species (ROS) levels between preterm and

term infants.

Preterminfants(N=3) | Terminfants(N =14) Pvalue
Cord Luminol-dependent ROS 847 + 892 1277 + 1302 0.598
Day 3 Luminol-dependent ROS 10685 + 14726 20101 + 26667 0.571
Cord Lucigen-dependent ROS 1493 = 524 716 + 953 0.198
Day 3 Lucigen-dependent ROS 6434 + 5095 13007 + 18588 0.303

Table 2. Comparison of plasma reactive oxygen species (ROS) levels between infants born

of normal spontaneous delivery and cesarean section.

NSD (N=11) C-Section(N=6) Pvalue
Cord Luminol-dependent ROS 1483 *+ 1383 685 + 707 0.21
Day 3 Luminol-dependent ROS 23798 * 296323 9232 + 9896 0.268
Cord Lucigen-dependent ROS 886 + 1014 793 + 838 0.85
Day 3 Lucigen-dependent ROS 14287 + 21423 7799 + 5161 0.405

Table 3. Comparison of plasma reactive oxygen species (ROS) levels between male and

femaleinfants.

Mae(N=8) Femae(N=9) Pvalue
Cord Luminol-dependent ROS 1669 + 1431 786 + 899 0.143
Day 3 Luminol-dependent ROS 19825 + 32128 17177 + 19243 0.84
Cord Lucigen-dependent ROS 1009 + 1141 718 + 739 0.532




Day 3 Lucigen-dependent ROS 12820 + 22493 10940 + 13294 0.841

Fig Dramatic changes of plasma ROS levels at age of three days compared to cord bloodsin

the neonates
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