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Summary

Kratak sadr`aj

Background: Birth involves strong oxidative stress for the
infant, implying an increased production of free radicals. The
aims of this study were to assess the antioxidant response to
oxidative insult at birth, by estimating the superoxide dismutase (SOD) and glutathione peroxidase (GPX) activity in
umbilical cord blood, and to evaluate their dependency on
the degree of maturation of the newborns.
Methods: In the present study, 60 preterm infants (study
group) as well as a full-term healthy reference group (A=53)
were included. Additionally, the preterms were divided in 3
groups according to their condition at the end of the 1st
week of life: preterm control (B=25), on oxygen support
(C=18), and ventilated group (D=17).
Results: The obtained results indicate markedly lower antioxidant capacity of the preterm infants: they had significantly
lower SOD and GPX activity than the full-term infants
(p<0.001, for both). Investigated antioxidants also showed
significant differences between the groups of preterms. SOD
activity was higher in preterms with postnatal respiratory failure compared to preterm control (p<0.001). On the contrary, GPX activity was decreased in the oxygen supported
group (10%) and even more in the ventilated group (28.5%)
(p<0.001, for both). The newborns enzyme activities were
also profoundly modulated by the gestational age and birth
weight, specifically the GPX.

Uvod: Proces ra|anja sam po sebi predstavlja sna`an oksidativni stres za novoro|eno dete. Cilj ovog rada bio je da se
ispita antioksidantni odgovor oksidativnom insultu na ro|enju, putem odre|ivanja aktivnosti superoksid-dismutaze
(SOD) i glutation-peroksidaze (GPX) u krvi pup~ane vrpce,
kao i da se utvrdi njihova zavisnost od stepena zrelosti novoro|enog deteta.
Metode: U ovu studiju je uklju~eno 60 prevremeno ro|ene
dece (ispitivana grupa) koja su podeljena u 3 grupe saglasno njihovom stanju krajem prve postnatalne nedelje: prevremena kontrola (n=25), na kiseoni~noj terapiji (n=18) i na
mehani~koj ventilaciji (n=17). Pedeset troje zdrave novoro|en~adi ~inilo je kontrolnu grupu.
Rezultati: Dobijeni rezultati indiciraju slabiji antioksidantni
kapacitet kod prevremeno ro|ene dece: oni su imali znatno
smanjenu aktivnost SOD i GPX u odnosu na terminsku decu
ro|enu u 40. nedelji (p<0,001, za oba). Ispitivani antioksidanti su pokazali zna~ajnu razliku me|u prevremenim grupama. SOD je pokazala znatno pove}anu aktivnost u grupama
sa postnatalnom respiratornom slabo{}u u pore|enju sa prevremenom kontrolom (p<0,001). Suprotno tome, aktivnost
GPX je bila znatno smanjena: u grupi na kiseoni~noj terapiji 10% i jo{ vi{e u ventiliranoj grupi (28,5%) (p<0,001).
Enzimska aktivnost je bila upadljivo modulirana gestacijskom
staro{}u i te`inom na ro|enju, posebno GPX.
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Conclusions: Because of their deficient and inadequate
antioxidant protection, preterm newborns are more susceptible to oxidant injury at birth.

Zaklju~ak: Prevremeno ro|ena deca su izuzetno podlo`na
oksidativnom insultu na ro|enju zbog svoje deficitne i neadekvatne antioksidantne za{tite.
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Introduction
Preterm deliveries, before 37 completed weeks
of gestation, account for 10% of all births and yet they
account for 75% of neonatal deaths (1). The last
trimester of pregnancy is necessary for the maturation
of the fetal organs in preparation for extrauterine life.
If this process is interrupted by an early delivery, the
chances of survival of the newborn are severely
decreased (2). Although neonatal intensive care has
improved dramatically in the last decades and treatment has become possible for extremely preterm
infants, born before the completion of 32 gestational
weeks, these infants remain at high risk for potential
complications. Neonatal Respiratory Distress Syndrome (RDS) is the leading cause of morbidity in preterms, whose lungs are physiologically and morphologically immature, which renders them vulnerable to
injury due to preterm birth, and results in high rates
of chronic pulmonary problems (3–5).
The process of childbirth is accompanied by an
increase in oxidative stress, as birth is, in itself, a hyperoxic challenge. The relatively high oxygen concentrations after birth could be toxic to fetal tissues. A potential mechanism of toxicity and pathophysiologic cell
alterations is believed to be mediated by increased
production of reactive oxygen species (ROS) (6–8).
Cells normally respond to oxidative stress by upregulating antioxidant defenses and other protective systems, but overproduction of ROS damages proteins,
lipids, and DNA and leads to cell transformation or cell
death by apoptotic or necrotic mechanisms (9–11).
The aims of this study were to assess the antioxidant enzymatic response to oxidative insult at birth,
by estimating the superoxide dismutase (SOD; EC
1.15.1.1) and glutathione peroxidase (GPX; EC
1.11.1.9) activities in cord blood of preterm infants in
comparison with a group of healthy full-terms, and to
evaluate their dependency on the degree of maturation of the newborns.

Material and Methods
Human subjects
All of the infants enrolled in this study were born
at the University Clinic of Obstetrics and Gynecology,
Skopje, Republic of Macedonia. A control group was
established consisting of healthy full-term infants
(≥ 38 weeks’ gestation). Criteria for enrollment in the
study groups included gestational age ≤36 weeks.
According to the infants’ condition at the end of the

1st week of life, four study groups were established:
full-term healthy infants were classified as the »control« group (n=53); preterm infants who did not need
specific intensive reanimation, oxygen therapy or any
other type of medication at birth were classified as
»premature control« group (n=25); premature infants undergoing oxygen therapy because of the risk
of RDS, as »O2 support« group (n=18); premature
infants diagnosed with severe RDS who required positive pressure mechanical ventilation as »ventilated«
group (n=17). All infants were evaluated by means of
a detailed history, physical examination and laboratory findings. For each newborn infant, sex, gestational
age, birth weight, type of delivery, Apgar score at 1
and 5 minutes, antenatal steroid treatment, main
pathologies, and pregnancy diseases were recorded.
Blood samples
Anticoagulated blood (∼3 mL) was obtained
from umbilical cord, at birth, from all study subjects.
GPX activity and hemoglobin concentration were
determined in whole blood, within 8 h after sampling.
Subsequently, an aliquot (0.5 mL) of the sample was
centrifuged at 3000 g for 10 min to separate the
plasma. The buffy coat was removed and the remaining erythrocytes were drawn from the bottom;
washed three times in cold saline (9.0 g/L NaCl);
made up to 2.0 mL with ice-cold deionized water;
mixed and frozen in 500 mL aliquots at −80 °C until
the measuring of erythrocyte SOD activity. Freezing
does not lead to changes in enzyme activity.
Analytical methods
All reagents, except the phosphate buffers, were
prepared each day and stored in a refrigerator at 4 °C.
The reagents were equilibrated at room temperature
for 0.5 h before use when the analysis was initiated or
reagent containers were refilled. Phosphate buffers
were stable at 4 °C for 1 month. Both SOD and GPX
enzyme activities were determined on a »Cobas Mira«
biochemical analyzer (Hoffmann-La Roche, Diagnostic Systems, Basel, Switzerland). The methods were
modified as stated below for the analyzer procedure
(12). To obtain optimal accuracy in pipetting, small
volumes of H2O or assay buffer were pipetted into the
cuvettes together with samples and reagents to rinse
the needle. These volumes are included in the final
reaction volumes. All measurements were performed
in duplicate.
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Assay of superoxide dismutase activity
Determination of superoxide dismutase (SOD;
EC 1.15.1.1) activity was performed by using a
Ransod kit (Randox Labs. cat. no. SD 125, CrumLin,
UK) based on the method developed by McCord and
Fridovich (13). This method employs the xanthine/
xanthine oxidase reaction to generate superoxide radicals which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyl tetrazolium chloride (INT) to form a red
formazan dye. The superoxide dismutase activity is
then measured by the degree of inhibition of this
reaction, and was expressed in U/g of Hb, where one
unit of SOD is that which causes a 50% inhibition of
the rate of reduction of INT. Briefly, at the day of
analysis, the hemolysates were thawed and diluted
(25 fold dilution; F=100) with 0.01 mol/L phosphate
buffer pH 7.0 so that the % inhibition falls between
30% and 60%. The final concentrations of the
reagents used in the assay were as recommended by
the manufacturer (0.05 mmol/L xanthine and 0.025
mmol/L INT in the main reagent and 80 U/L xanthine oxidase in the start reagent). The diluted hemolysate (5 mL plus 20 mL of H2O) was added concomitantly with the main reagent (170 mL) to the
cuvette. Absorbance was monitored at 500 nm for
150 s after addition of xanthine oxidase (25 mL plus
10 mL of H2O) as a start reagent. The final reaction
volume was 230 mL.

mL of double strength Drabkin’s reagent to inhibit the
peroxidase activity of hemoglobin (dil. factor = 41).
The main reagent consisted of: 0.05 mmol/L phosphate buffer (pH 7.2); 4.3 mmol EDTA/L; 4.0 mmol/L
GSH; 0.5 U/L GR and 0.34 mmol/L NADPH. The
main reagent (220 mL) and the sample (5 mL hemolysate plus 30 mL of H2O) were added to the cuvette
and the change in absorbance was monitored at 340
nm, after addition of 0.18 mmol/L cumen hydroperoxide (10 mL plus 20 mL of H2O) as a start reagent.
The final reaction volume was 285 mL.

Assay of hemoglobin (Hb) concentration
The concentration of hemoglobin (g/L), needed
for expression of enzymatic activity, was measured on
an automated hematological analyzer for in vitro diagnostic, Sysmex KX-21N (Sysmex Corporation, Kobe,
Japan).

Ethics
The research was conducted in accordance with
the Declaration of Helsinki ethical guidelines, and
approved by the institution.

Statistical analysis
Assay of glutathione peroxidase activity
Total activity of glutathione peroxidase (GPX; EC
1.11.1.9) was determined by using a Ransel kit (Randox Labs. cat. no. RS505, CrumLin, UK) based on
the coupled enzyme procedure developed by Paglia
and Valentine (14), with cymene hydroperoxide as
substrate. Enzyme activity was expressed as units per
gram of hemoglobin (U/g Hb), where units are the
mmols of reduced nicotinamide adenine dinucleotide
(NADPH) oxidized per minute. Briefly, 0.05 mL of
heparinized whole blood was diluted with 1 mL diluting agent, then incubated for 5 minutes and added 1

Statistical data processing was performed using
SPSS 13.0 statistical package. Data are presented as
means ± SD. Differences between groups with different numbers of infants were tested using a Student ttest (p<0.05 value was considered significant).
Pearson’s correlation coefficient was used as a measure of linear association between two variables.

Results
The short- and long-term prognostic clinical
markers of newborn infants are listed in Table I. There

Table I Perinatal characteristics of healthy full-term infants and preterms: healthy (control), on oxygen therapy (O2 support), on
mechanical ventilation (ventilated).
Full-terms
(n=53)

control
(n=25)

Preterms
O2 support
ventilated
(n=18)
(n=17)

p*

Gestation (weeks)

39.34 (1.09)

35.04 (0.79)

32.39 (1.38)

29.41 (2.35)

<0.001

Birth weight (g)

3430 (436)

2258 (430)

1736 (375)

1318 (283)

<0.001

Apgar at 1 min

8.13 (0.48)

6.88 (0.83)

6.11 (1.18)

4.06 (1.98)

<0.001

Apgar at 5 min

9.11 (0.51)

7.68 (0.90)

6.89 (1.08)

5.12 (1.65)

<0.001

Values are given as mean (SD) with Student t-test carried out; * indicates significant changes compared with full-terms and
between each group (p<0.001).

J Med Biochem 2014; 33 (2)

211

SOD (U/g Hb)

†‡

900

GPX (U/g Hb)

†‡

50

†

800

45

700

40

600

35

†‡

†‡

B

C

D

30
25

500
400

20

300

15

200

10

100

5

0

†

0

A

B

C

A

D

Figure 1 Cord blood, erythrocyte SOD activity in full-term
healthy infants (A) and preterms: healthy control (B), on
oxygen therapy (C), and ventilated (D), at birth. Values represent mean (SD) with Student t-test carried out; † significant changes compared with full-terms (p<0.001), ‡ significant changes compared with preterm controls (p<0.001).

55

Figure 2 Cord blood GPX activity in full-term healthy infants (A) and preterms: healthy control (B), on oxygen therapy (C), and ventilated (D), at birth. Values represent mean
(SD) with Student t-test carried out; † significant changes
compared with full-terms (p<0.001), ‡ significant changes
compared with preterm controls (p<0.001).

GPx (U/gHb) = -34.34 + 1.8972 * gest. week
Correlation: r = .87465
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Figure 3 Correlation analysis between cord blood GPX activity at birth and gestation, in newborns (r=0.875, p<0.001).
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GPx (U/gHb) = 13.489 + .00776 * birth weight
Correlation: r = .84161
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Figure 4 Correlation analysis between cord blood GPX activity at birth and birth weight, in newborns (r=0.842, p<0.001).

was a statistically significant difference between the
groups in terms of gestational age and birth weight
(p<0.001). The vitality index concerning neonatal
adaptation to the physiological oxidative stress of
delivery and early postnatal life, Apgar score at 1 and
5 minutes, showed the same significant differences
(p<0.001) (Table I).
Figures 1–2 represent the antioxidant enzyme
activities of each group, at birth. SOD activity in
healthy neonates proved to be significantly lower in
the preterm healthy population (563.34±62.2) in
comparison to full-terms (817.55±80.45 U/g Hb)
(p<0.001). GPX activity in preterm control (31.61±
3.01) also showed to be significantly lower (p<
0.001) than in the full-term neonates (41.22±4.09
U/g Hb) (Figures 1–2).
Measurement of enzyme activity showed significant differences among the groups of preterm infants.
SOD, the primary endogenous protectant against oxygen toxicity (Figure 1), was significantly increased in
preterms undergoing oxygen treatment (28.8%,
p<0.001) and those who required mechanical ventilation (25.7%, p<0.001), in comparison with preterm

control. However, this increased activity stays significantly lower than in the full-term group (p<0.001).
On the contrary, GPX, one of the most potent
antioxidant enzymes, was significantly decreased in preterms with postnatal respiratory failure. In the oxygen
supported group this decrease was 10% (p<0.001)
and in the ventilated group even greater (28.5%; p<
0.001), compared to the preterm control (Figure 2).
The lowest cord blood GPX activity was observed in
infants who died at age <7 days (19.04±2.03 U/g
Hb). These findings indicate that separating the premature newborns into preterm controls, preterms
undergoing oxygen therapy and those requiring
mechanical ventilation was statistically justified.
To determine the maturation dependency of antioxidant enzymes, we evaluated the relationship
between investigated antioxidants and perinatal parameters. A positive correlation was found between erythrocyte SOD activity and perinatal variables (SOD:
gestation, r=0.543, p=0.038; SOD: birth weight, r=
0.550, p=0.023). Furthermore, a strong positive association with the high correlation coefficients was established between GPX activity and perinatal variables
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(GPX: gestation, r=0.875, p<0.001; GPX: birth
weight, r=0.842, p<0.001) (Figure 3–4). This positive
correlation points to the enzymes dependency on the
degree of maturation of newborns. No significant variations with respect to sex were detected.

Discussion
The fetal to neonatal transition exposes the newborn to a much more oxygen-rich world than the
intrauterine environment. This sudden augmentation
in alveolar oxygen concentration and arterial pO2
after delivery increases the formation of reactive oxygen species (ROS) in the lungs and other organs
(15–18). The lungs are the most severely damaged
organs by exposure to hyperoxia. Structural immaturity of the lungs, surfactant deficiency and surfactant
dysfunction are the main problems of the preterm
newborn, leading to respiratory distress (19, 20). Despite of new preventive strategies, neonatal Respiratory Distress Syndrome (RDS) is still the most important cause of mortality and morbidity in neonatal
intensive care. The incidence and severity of neonatal
RDS have shown an inverse relationship with gestational age. Approximately 50% of infants born after a
gestational age of 25–27 weeks develop neonatal
RDS, whereas fewer than 20% of preterm infants
born at a gestational age of 31 weeks develop the disorder and the incidence decreases to 1% for infants
born at term (19).
Oxidative reactions form an essential part of all
biological systems, but toxic effects of the derivatives
of these reactions depend on a critical balance between the oxidative stimulus and the antioxidant defense mechanisms available (21, 22). The results of
this study indicate markedly lower antioxidant status
of preterm newborns at birth, compared with fullterms, resulting in decreased SOD and GPX activities.
This finding is in perfect accordance with the previous
data published by other investigators (23–27), and
could be explained by the inadequate supply of specific cofactors, essential for the proper functioning of
these enzymes: copper, zinc and selenium, respectively; since placental maternal-to-fetal passage is very
limited before (the latter part of) the third trimester
(28). Production and activity of antioxidant enzymes
increase markedly in the final days before birth, and
even more so after birth (29). Therefore, premature
birth could itself be considered an illness with a major
oxidative component.
Studies of the enzymatic antioxidant system in
preterm infants have aroused some controversy, partly because many investigators have drawn conclusions after analyzing the activity of a single enzyme.
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The present study demonstrates a marked difference
in enzyme activities at birth among the groups of
preterms. In the case of SOD, the higher cord blood
enzyme activity observed in preterms with respiratory
difficulties, in comparison with premature controls,
probably represents an adaptive response to a higher
superoxide ions production. SOD plays a fundamental role in modulating oxygen toxicity and its induction
seems related to the extent of the redox abnormality
in the cell (30–33). Significantly lower GPX activity,
estimated at birth, in preterms receiving supplemented oxygen treatment and even more depressed in
those who required mechanical ventilation could be a
consequence of a selenium deficiency and, also, a
possible glutathione (GSH) deficit in these groups, as
has been reported by several authors (34–37). This
could lead to an inadequate activity of the glutathione
system and therefore less regeneration of glutathione
peroxidase, since GPX catalyses the reduction of
hydrogen peroxide (H2O2) and hydroperoxides originating from polyunsaturated fatty acids at the
expense of reduced GSH.
Rise in the SOD activity alone may have unexpected results, because SOD increases the formation
of H2O2, which if not destroyed could have more
detrimental effects than superoxide ions alone (38).
The low GPX activity is probably unable to protect
from oxidative injury and may contribute to the degree of respiratory distress. Many other authors also
drew the same conclusion, showing the preponderant
protective role of the glutathione-cycle enzymes,
especially GPX, which is postulated to be an etiologic
factor in chronic lung disease in preterm infants
(38–41). The activity of the first (SOD) and second
(GPX) step of antioxidant enzymes must therefore
be balanced to prevent oxidative damage in cells. Our
study has also shown that the antioxidant enzymes of
premature infants are profoundly modulated by the
gestational age and the birth weight, specifically the
GPX activity.
Based on our measurements, we concluded that
preterm babies have deficient and inadequate antioxidant protection against oxidative insult at birth.
The immature lung of these newborns, challenged
with postnatal therapeutic hyperoxia, may thus be
poorly protected biochemically, both from intracellular oxygen free radical toxicity and from extracellularly generated cytotoxic products of activated inflammatory cells that influx into an already injured lung.
Conflict of interest statement
The authors stated that there are no conflicts of
interest regarding the publication of this article.

214 Gur`anova-Durnev et al.: Cord blood superoxide dismutase and glutathione peroxidase activity

References
1. Wen SW, Smith G, Yang Q, Walker M. Epidemiology of
preterm birth and neonatal outcome. Semin Fetal
Neonatal Med 2004; 9 (6): 429–35.

18. Perrone S, Tataranno ML, Buonocore G. Oxidative stress
and bronchopulmonary dysplasia. J Clin Neonatol 2012;
1 (3): 109–14.

2. Bernal AL. Preterm labour: Mechanisms and management. BMC Pregnancy and Childbirth 2007; 7: Suppl 1:
S2.

19. Goldenberg RL, Culhane JF, Iams JD, Romero R.
Epidemiology and causes of preterm birth. Lancet 2008;
371: 75–84.

3. Agrons GA, Courtney SE, Stocker JT, Markowitz RI. Lung
Disease in Premature Neonates: Radiologic–Pathologic
Correlation. RadioGraphics 2005; 25 (4): 1047–73.

20. Speer CP. Neonatal Respiratory Distress Syndrome: An
Inflammatory Disease? Neonatology 2011; 99: 316–19.

4. Zoban P, Cerny M. Immature Lung and Acute Lung
Injury. Physiol Res 2003; 52: 507–16.
5. Gitto E, Reiter RJ, Karbownik M, Tan DX, Gitto P, Barberi
S, et al. Causes of oxidative stress in the pre- and perinatal period. Biol Neonate 2002; 81: 146–57.
6. Buonocore G, Perrone S, Longini M, Vezzosi P,
Marzocchi B, Paffetti P, et al. Oxidative stress in preterm
neonates at birth and on the seventh day of life. Pediatr
Res 2002; 52: 46–9.
7. Rook D, Te Braake FW, Schierbeek H, Longini M, Buonocore G, Van Goudoever JB. Glutathione synthesis rates in
early postnatal life. Pediatr Res 2010; 67: 407–11.
8. Saugstad OD. Oxidative stress in the newborn – a 30year perspective. Biol Neonate 2005; 88: 228–36.
9. Perrone S, Tataranno ML, Negro S, Longini M,
Marzocchi B, Proietti F, et al. Early identification of the
risk for free radical-related diseases in preterm newborns.
Early Hum Dev 2010; 86: 241–4.
10. Dale-Donne I, Aldini G, Carini M, Colombo R, Rossi Rc,
Milzani A. Protein carbonylation, cellular dysfunction,
and disease progression. J Cell Mol Med 2006; 10 (2):
389–406.
11. Negi R, Pande D, Kumar A, Khanna RS, Khanna HD.
Evaluation of biomarkers of oxidative stress and antioxidant capacity in the cord blood of preterm low birth
weight neonates. J Matern Fetal Neonatal Med 2012; 25
(8): 1338–41.
12. Andersen HR, Nielsen JB, Nielsen F, Grandjean P.
Antioxidative enzyme activities in human erythrocytes.
Clin Chem 1997; 43 (4): 562–8.
13. McCord JM, Keele BBJ, Fridovich JJ. Superoxide dismutase, an enzyme function for erythrocuprein. J Biol Chem
1969; 244: 6049–55.
14. Paglia DE, Valentine WN. Studies on the quantitative and
qualitative characterization of erythrocyte glutathione
peroxidase. J Lab Med 1967; 70: 158–69.
15. Thibeault DW. The precarious antioxidant defences of the
preterm infant. Am J Perinatol 2000; 17 (4): 167–81.
16. Ochoa JJ, Ramirez-Tortosa MC, Quiles JL, Palomino N,
Robles R, Mataix J, et al. Oxidative stress in erythrocytes
from premature and full-term infants during their first 72
h of life. Free Radic Res 2003; 37 (3): 317–22.
17. Arguelles S, Machado MJ, Ayala A, Machado A, Hervias
B. Correlation between circulating biomarkers of oxidative stress of maternal and umbilical cord blood at birth.
Free Radic Res 2006; 40: 565–70.

21. Sies H. Oxidative stress: Oxidants and antioxidants. Exp
Physiol 1997; 82: 291–5.
22. Buonocore G, Groenendaal F. Anti-oxidant strategies.
Semin Fetal Neonatal Med 2007; 12: 287–95.
23. Rogers S, Witz G, Anwar M, Hiatt M, Hegyi T. Antioxidant
capacity and oxygen radical diseases in the preterm newborn. Arch Pediatr Adolesc Med 2000; 154: 544–8.
24. Georgeson GD, Szony BJ, Streitman K, Varga IS, Kovacs
A, Kovacs L, et al. Antioxidant enzyme activities are
decreased in preterm infants and in neonates born via
caesarean section. Eur J Obstet Gynecol Reprod Biol
2002; 103 (2): 136–9.
25. Buhimschi IA, Buhimschi CS, Pupkin M, Weiner C.
Beneficial impact of term labor: Nonenzymatic antioxidant reserve in the human fetus. Am J Obstet Gynecol
2003; 189 (1): 181–8.
26. Yuan-Shun L, Yi-Hung C. Antioxidant profiles in full term
and preterm neonates [abstract]. Chang Gung Med J
2005; 28: 846.
27. Nassi N, Ponziani V, Becatti M, Galvan P, Donzelli G. Antioxidant enzymes and related elements in term and
preterm newborns. Pediatr Int 2009; 51 (2): 183–7.
28. Falciglia HS, Johnson JR, Sullivan J, Hall CF, Miller JD,
Riechman GC, et al. Role of antioxidant nutrients and
lipid peroxidation in premature infants with respiratory
distress syndrome and bronchopulmonary dysplasia. Am
J Perinatol 2003; 20 (2): 97–107.
29. Lee JW, Davis JM. Future applications of antioxidants in
premature infants. Curr Opin Pediatr 2011; 23 (2):
161–6.
30. Ochoa JJ, Contreras-Chova F, Mun’oz S, AraujoNepomuceno E, Bonillo A, Molina-Carbello A, et al.
Fluidity and oxidative stress in erythrocytes from very low
birth weight infants during their first 7 days of life. Free
Radical Research 2007; 41 (9): 1035–40.
31. Sun AY, Chen YM. Oxidative stress and neurodegenerative disorders. J Biomed Sci 1998; 5: 401–14.
32. Mehta JL, Li D. Epinephrine upregulates superoxide dismutase in human coronary artery endothelial cells. Free
Radic Biol Med 2001; 30: 148–53.
33. Gaeta LM, Tozzi G, Pastore A, Federici G, Bertini E,
Piemonte F. Determination of superoxide dismutase
and glutathione peroxidase activities in blood of healthy
pediatric subjects. Clin Chim Acta 2002; 322 (1–2):
117–20.
34. Boda D, Nemeth I, Pinter S. Surface tension, glutathione
content and redox ratio of the tracheal aspirate fluid of

J Med Biochem 2014; 33 (2)

215

premature infants with IRDS. Biol Neonate 1998; 74:
281– 8.

for cell survival against oxidative stress. Free Radic Biol
Med 1994; 17: 235–48.

35. Ahola T, Levonen AL, Fellman V, Lapatto R. Thiol metabolism in preterm infants during the first week of life.
Scand J Clin Lab Invest 2004; 64: 649–58.

39. Mentro AM, Smith AM, Moyer-Mileur L. Plasma and
erythrocyte selenium and glutathione peroxidase activity
in preterm infants at risk for bronchopulmonary dysplasia. Biol Trace Elem Res 2005; 106: 97–106.

36. Collard KJ, Godeck S, Holley JE, Quinn MW. Pulmonary
antioxidant concentrations and oxidative damage in ventilated premature babies. Arch Dis Child Fetal Neonatal
2004; 89: 412–16.
37. Davis JM, Auten RL. Maturation of the antioxidant system
and the effects on preterm birth. Semin Fetal Neonatal
Med 2010; 15: 191–5.
38. Michiels C, Raes M, Toussaint O, Remacle J. Importance
of Se-glutathione peroxidase, catalase, and Cu/Zn-SOD

40. Fu RH, Chiu TH, Chiang MC, Lien R, Chou YH, Chiang
CC, et al. Lower erythrocyte glutathione peroxidase activity in bronchopulmonary dysplasia in the first week of
neonatal life. Neonatology 2008; 93 (4): 269–75.
41. Daniels LA, Gibson RA, Simmer K. Glutathione peroxidase is not a functional marker of selenium status in the
neonatal period. J Pediatr Gastroenterol Nutr 1998; 26
(3): 263–8.

Received: May 17, 2013
Accepted: June 17, 2013

