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Research article

Evaluation of oxidative stress markersin neonateswith
intra-uterine growth retardation

Zsuzsanna HracskdHajnalka Orvo% Zoltan Novak, Attila PaF, llona S. Varga

'Department of Biochemistry and Molecular Biology, Faculty of Sciences, 2Department of Obstetrics and
Gynecology, and *Department of Pediatrics, Faculty of Medicine, University of Szeged, Szeged, Hungary

Intra-uterine growth retardation (IUGR) is an abnormality of pregnancy. Neonates with IUGR
weigh less than the 10th percentile for gestational age. The objective of the study was to identify the
relationship between IUGR and the antioxidant status. Cord blood of 157 neonates with normal
weight (control group) and 29 neonates with [IUGR were included. The following parameters were
determined and compared in the two groups: lipid peroxidation in the plasma, red blood cells and
erythrocyte ghosts; protein and DNA damage; antioxidant enzyme activities (superoxide dismutase,
catalase, glutathione peroxidase); the level of reduced glutathione; and the ferric reducing ability of
the plasma. The level of lipid peroxidation was significantly higher in the IUGR group. The
antioxidant enzyme activities and the levels of antioxidants were significantly lower in the [IUGR
group. Damage of proteins and DNA was slightly, but non-significantly, higher in the IUGR group.
Neonates with IUGR seem to have significant deficiencies in antioxidant defence. IUGR is
correlated with significant oxidative stress.
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INTRODUCTION thrombin, and asymmetrical intra-uterine growth restric-
tion with immediate unfavourable neonatal outcéme.
Intra-uterine growth retardation (IUGR) is a complica- Leptin takes part in the regulation of fat and also the pre-
tion of pregnancy, often described as small for gestanatal fetal weight. A low concentration of leptin can play
tional age (SGA). A fetus or a newborn with IUGR arole in IUGR®
weighs less than 90% of all other fetuses or newborns & fetus with IUGR may be born at term or preterm. This
the same gestational age. The reported incidence abnormality is associated with increased levels of mor-
IUGR ranges between 3-10%. IUGR is most probably #&idity and mortality, and deformation of the umbilical
consequence of a disorder of the fetomaternal bloodord. IUGR cases with accompanying pathological
circulation. Fetal thrombophilic mutations may lead toDoppler findings demonstrate reduction in wall thick-
placental microthrombosis, which could give rise seconness! Fetuses with a lean umbilical cord are at an
darily to a disturbed fetoplacental blood flow and thusincreased risk of being small for gestational age. The
cause growth restrictionAn association has been found umbilical cord is defined lean when its cross-sectional
between polymorphisms for factor V Leiden and pro-area on ultrasound examination is below the 10th per-
centile for gestational age.

: Oxidative stress arises when the balance between oxi-
Received 28 March 2007 dants and antioxidants is disturbed. It can occur via an
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Accepted 24 June 2007 increase in oxygen radical production or decreases in

) .__antioxidant enzyme activities. The source of free radi-
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dismutase [SOD], catalase [CAT], and glutathione perBiochemical analyses
oxidase [GPX]), free radicals target lipids, proteins and
DNA. Oxidative damage to DNA is a result of interac- Blood was taken from the umbilical vein before the birth
tion of DNA with reactive oxygen species, in particular of the placenta in both groups. Coagulation was inhib-
the hydroxyl radical. Superoxide and hydrogen peroxidéted with heparin. The duration of storage was as short as
are normally not reactive towards DNA. Oxidative possible, with a maximum of a week. The blood samples
attack by hydroxyl radical generates strand breaks on theere kept at -20°C until processing. The blood samples were
DNA. centrifuged at 100@ for 10 min and the plasma and the
The mechanism of development of IUGR has still notouffy coat were removed. The red blood cell (RBC)
been appropriately described, although it is most probghase was washed twice with 2 volumes of isotonic
bly a consequence of an abnormal fetomaternal bloogaline solution at pH 7.0. The RBCs were haemolysed
circulation. Accordingly, we have carried out examina-by the addition of distilled water in a ratio of 1:9. Except
tions on umbilical blood in order to establish how thefor SOD activity determinations, the aliquots of the
antioxidant status of full-term IUGR infants changes anchaemolysates were used directly.
whether the results indicate significant oxidative stress. o o
We compared the antioxidant status and the level of lipid®€termination of SOD activity
peroxidation of the umbilical blood in healthy mature Before the determination of SOD activity, haemolysates
neonates and in IUGR neonates. were treated with ethanol:chloroform (2:1) to remove
haemoglobin from the samples and centrifuged at §600
The supernatants were used for SOD activity determina-
PATIENTS AND METHODS tions via inhibition of the epinephrine-adrenochrome trans-
formation? The control sample contained 2.9 ml of 0.05 M
Human study carbonate buffer, pH 10.2 (warmed to 37°C) and 0.1 ml of
epinephrine (16.5 mg/10 ml 0.1 N HCI). The absorbance
The blood samples were obtained from the Departmemas measured at 480 nm for 3 min after a 1-min delay. We
of Obstetrics and Gynecology at the Medical Universitydetermined the rate of autoxidation of epinephril® &t
of Szeged, Hungary. The Ethics Committee of the480 nm/min). To measure the inhibition of auto-oxidation
Department of Obstetrics and Gynecology, Faculty oby SOD, we used a mixture containing 2.875 ml of the car-
Medicine, University of Szeged approved the study probonate buffer, 0.025 ml supernatant and 0.1 ml epinephrine.
tocol. A total of 186 full-term mature neonates of eitherSpectrophotometric measurement was done at 480 nm. The
sex, born between weeks 37 and 40 were selected, 157reSults were expressed in U/mg protein.
them with normal weight (3450 * 550 g) and 29 o o
neonates with symmetrical IUGR (weight 2000 + 350 g).Determination of CAT activity
The pH of the blood samples was in all cases in the randerythrocyte haemolysates (100-fold dilution) were used.
7.24-7.39j.e. there was no hypoxic stress on the tissuesThe blank sample was 3 ml of phosphate buffer, pH 7.0,
There are several causes of IUGR (genetic disorder, mah a quartz cuvette. The incubation mixture contained: 2
nutrition, infectionsgetc.), but in some cases the trigger ml of the phosphate buffer (warmed to 37°C)l5of
cause remains unknown. Both the IUGR and the normalaemolysates and 1 ml of 30 mM@®j solution. CAT
cases were free from complications during pregnancgctivity was measured spectrophotometrically at 240
and labour (with the exception of growth disorder in thenm. The results were expressed in Bergmeyer units
IUGR group) and there were no pre-eclampsia case¢BU). One BU is the amount of CAT that decomposes
Neonates were included if their Apgar score after 5 mirt000 mg HO,/min®
was 8-10. o o
Hypoglycaemia that occurred among the IUGR babie&€termination of GPX activity
was compensated by a 10% glucose infusion. Ther@PX was also determined spectrophotometrically by
were no cases of perinatal asphyxia, congenital anomusing cumene hydroperoxide and GSH as substrates at
alies or special morbidities with the exception of hypo-412 nm. All samples contained 0.1 ml of haemolysate
glycaemia. The nutritional status of the mothers duringand 0.7 ml of 0.05 M Tris-HCI buffer pH 7.6 and were
pregnancy was satisfactory; no case of malnutritiorpre-incubated for 10 min at 37°C. To the control sample,
occurred. The mothers received complete pregnanc§.l ml of buffered GSH solution was added and the
care. Smoking mothers and their newborns had a highexperimental samples were supplemented with both 0.1
concentration of the carbonyl group, lipid peroxides andnl of GSH solution and 0.1 ml of buffered 0.05%
less total antioxidant capacity. Newborns from theseumene hydroperoxide. The samples were then incu-
mothers weighed significantly less than others at Birth;bated for 10 min at 37°C. After 10 min, 15%
consequently, we excluded the smoking mothers. trichloroacetic acid (TCA) was added to all tubes, and
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0.1 ml cumene hydroperoxide solution was added to th632 nm was measured spectrophotometrically to calcu-
control tube. The precipitated protein was spun dowrate concentrations.

and 1 ml of supernatant samples was taken for determina-We also measured lipid peroxidation in the RBC
tion of the remaining GSH. They were treated with 2 ml ofimembranes by preparing erythrocyte ghosts.

0.4 M Tris-HCI buffer, and 5,5 dithiobis-2-nitrobenzoic

acid (DTNB)? Carbonyl-protein content
The amount of oxidatively damaged proteins (the car-
Other assays bonyl-protein content) was determined by using 2,4-

The total quantity of protein was determined with thedinitrophenylhydrazine (DNPH). DNA also contains
Folin reagent, using bovine serum albumin as stariflard.carbonyl groups, so it was removed with 10% strepto-
The GSH in the plasma and RBCs was measurethycin-sulphate. Samples were incubated with DNPH at
using Ellman’s reagent (DTNB). Proteins were precipi-37°C. After 1 h, 0.5 ml TCA was added and samples were
tated with 5% TCA in order to exclude protein-linked then centrifuged at 3009for 5 min. Pellets were washed
—SH groups from the measuremént. three times with ethanol:ethyl-acetate (1:1), resuspended in
The total antioxidant capacity of the plasma was deter2 N HCI (pH 2.0) and incubated at 37°C for 15 min. After
mined with the FRAP assay, a simple test measuring theentrifugation, the absorbance of supernatants was read at
ferric reducing ability of plasma, using 2,4,6-tripyridyl- 375 nm'*
striazine. Ferric to ferrous ion reduction at low pH
causes a coloured ferrous-tripyridyltriazine complex toOxidative DNA damage
form. FRAP values are obtained by comparing thdn order to detect oxidative DNA damage, DNA from
absorbance change at 593 nm in test reaction mixtures withe whole blood was purified.The result of the prepa-
those containing ferrous ions at a known concentrétion. ration was checked by means of agarose gel elec-
trophoresis and the amount of DNA was determined by
measuring the optical density. Oxidative DNA damage
Lipid peroxidation assays was detected by a fluorimetric methtsd.
A Thermo Spectronic Biomate 5 was used for the
Lipid peroxidation was assayed by two methods. Wespectrophotometric measurements. Fluorescence analy-
determined the lipid peroxidation of the plasma andsis was carried out with dual-channel modulated fluo-
RBCs by using the thiobarbituric acid (TBA) method, rimeter, emission 590 nm.
which gives the level of total TBA-reactive substariées.
Calibration was performed with malonyldialdehyde
(MDA). A volume of 2.7 ml of TBA reagent (a mixture Statistical analysis
of 0.375% TBA, 0.25M HCI, 15% TCA) was added to
0.3 ml of the haemolysed blood sample, the componentatistical analysis of the data was performed with
were mixed vigorously and the mixture was heated foStudent's-test. AP-value < 0.05 was accepted as statis-
15 min in a boiling water-bath. Subsequently, the samtically significant. The Shapiro-Wilks test was applied to
ples were cooled in ice-cold water and centrifuged atonfirm the normality of the values. The reported values
300049 for 10 min; the absorbance of the supernatant asre mean + SD.
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Fig. 1. Lipid peroxidation of red blood cells, plasmas and erythrocyte ghosts in IDERY) and controlr(= 157) umbilical blood samples. Values
shown to be significantly different from the control data by Studei¢'st are indicated by an asterisk: ¢ 0.05; **P < 0.01; ***P < 0.001.
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Fig. 2. Protein damage of red blood cells and the DNA damage of whole Fig. 3. The level of reduced glutathione (GSH) in plasma and red blood
blood from IUGR = 29) and control{= 157) umbilical blood samples.  cell of IUGR (1 = 29) and control(= 157) umbilical blood samples. The
The carbonyl protein content is expressed in mM/mg protein. The DNA  concentration of GSH is expressedui/mg protein. Values shown to be
damage is expressed in the percentage of double stranded DNA. significantly different from the control data by Studetvest are

indicated by an asterisk: *P< 0.001.

RESULTS The CAT, SOD and GPX activities (0.565 versus 1.34;
1.35 versus 2.31; and 2.9 versus 4.03 U/mg protein® 10
Figures 1-5 present the lipid peroxidation and antioxiin the IUGR group were significantly lower than those in
dant activity results on the healthy and IUGR neonateghe control group, but there was no significant difference in
The levels of lipid peroxidation of the plasma (0.116 ver-GPX activities (Fig. 4).
sus 0.03 nM MDA/mg protein), RBCs (0.14 versus The FRAP (328 versus 283M) was significantly
0.055 nM MDA/mg protein) and the erythrocyte ghostshigher in the control group (Fig. 5).
(0.027 versus 0.018 nM MDA/mg protein) were signifi-
cantly higher in the IUGR group (Fig. 1). The level of
carbonyl protein and DNA damage was slightly, but
non-significantly, higher in the IUGR group (1.77 versus DisCUSSION
1.66 mM carbonyl-protein/mg protein x £@nd 1.75%
more DNA strand breaks in the IUGR group; Fig. 2).The living organism constantly reacts with oxygen. As a
The level of GSH (in RBCs, 1.9 versus 6.47; and inconsequence of this activity, highly reactive molecules
plasma, 0.17 versus 1.681/mg protein x 16% was sig-  are produced. These interact with other molecules within
nificantly lower in the IUGR neonates than in the normalthe cell, which can cause oxidative damage to proteins,
group (Fig. 3). membranes and genes. This damage has been implicated
as the cause of certain diseases including neonatal dis-
eases. The antioxidant system defends against free radi-
e cals. Under normal conditions, reactive oxygen species
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Fig. 4. The activity of superoxide dismutase (SOD), catalase (CAT) and FRAP
glutathione peroxidase (GPX) in red blood cells of lUGR @9) and
control (= 157) umbilical blood samples. The antioxidant enzyme Fig. 5. The ferric reducing ability of plasma (FRAP) from IUGRA 29)
activities are expressed in U/mg protein. Values shown to be significantly and control f = 157) umbilical blood samples. FRAP is expressqoMn
different from the control data by Studertttest are indicated by an An asterisk indicates values shown to be significantly different from the

asterisk: P < 0.05; **P < 0.01. control data by Studenttstest: *P < 0.05.
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are cleared from the cell by the action of antioxidantoxoplasmosisgtc.), diabetes or substance abuse during
molecules and enzymes. Oxidative stress is an imbapregnancy may also have some effect on oxidative stress.
ance between pro-oxidants and antioxidants, with the
former prevailing. The main damage to cells results from
the stress-induced alteration of macromolecules such as
polyunsaturated fatty acids in membrane lipids, essential
proteins, and DNA. Understanding the role of oxidative stress in the patho-
Many neonatal diseases are correlated with oxidativphysiology of neonatal diseases is important for design-
stress. The results of this analysis suggest that tHeg appropriate prevention strategies and new
antioxidant defence of neonates with IUGR is similar totherapeutic approaches. It is possible to diagnose IUGR
that of premature infants as described previotisly.  during pregnancy by ultrasonography. Adequate antioxi-
recent study states that there is strong evidence of oxiddant therapy to compensate the deficiency in the antiox-
tive stress in IUGR babies born to undernourished mothdant defence system may decrease the indices and
ers as evidenced by increased lipid peroxidation and effects of oxidative stress after confirmation of the find-

CONCLUSIONS

reduced free oxygen radical scavenger systeihe
FRAP and GSH levels and the enzyme activities are too
low to defend adequately against oxidative stress. This is
why such extensive lipid peroxidation damage can
occur. The damage measured on erythrocyte ghosts is an
important parameter for the various functions of RBCs.1.
Lipid peroxides may decrease membrane fluidity, inacti-
vate membrane-bound receptors and enzymes, and
increase membrane permeabitiifhe integrity of RBC
membranes is crucial for their transfer function. Our2.
results reveal a markedly reduced erythrocyte membrane
function in IUGR babies. 3

A number of studies have suggested a correlation”
between IUGR and the parameters of oxidative stress.
Carbonyl proteins are a consequence of oxidative behaw.
iour. Proteins containing carbonyl groups have an altered
structure as compared with intact proteins, which is cru-
cial in view of the relationship between structure andg
biological activity. A high concentration of carbonyl
groups means a high risk of protein destruction. There is
a significant difference between the carbonyl group con-
centrations in normal pregnancies and in IUGRV/e
found an increase in the DNA damage of IUGR babies,
and other authors confirm this restilt.

The total antioxidative activity in the blood serum is 7.
depressed in pregnancies involving IUGR. Afteargi-
nine treatment the risk of oxidative stress decre#sed.

In women with IUGR, the processes of lipid peroxida-
tion are enhanced. Colorimetric measurements of lipid
peroxides, conjugated dienes, MDA and Schiff bases ire.
women with IUGR reveal the same tendency: the lipid
peroxidation is increased, and IUGR is associated with
increased membrane damage paramétét3his dam-
age is expressed not only in the bloodstream, but also in
the nearest tissues. Alterations in the structure of thet
umbilical cord may be a result of significant oxidative
stress. It is more likely that deformation of endothelium
is generated by other factors, and apoptosis itself pro-
duces free radicals, which induce further cell damage.

Oxidative stress can be a consequence of an insufficiens.

antioxidant defence. Maternal infections (cytomegalovirus,

ings through intervention studies.
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