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Abstract

The aim of this study was to determine if the behavior of redox
status indicators and their relation to birthweight, previously
reported, was dependent only on the period between 30 and 36
weeks gestation, or if it was a characteristic of the third trimester.
The present study was done in pregnant women between 25 and
29 and between 30 and 36 weeks of gestation; in addition, a
reference group with non-pregnant women was formed. Ferric
reducing potential, uric acid, albumin, vitamins C, E, A,
erythrocyte reduced glutathione concentrations, total
extracellular superoxide dismutase and catalase activity were
measured as antioxidant indicators, and serum malondialdehyde
plus 4-hydroxynonenal concentration as a lipoperoxidation
indicator. No significant differences between the values of the
indicators of redox status between the two groups of pregnant



women were found. Significantly lower maternal serum Ferric
Reducing Potential and albumin concentration were noted in
pregnant women between 25 to 29 and 30 to 36 weeks,
respectively. However, extracellular superoxide dismutase
activity and erythrocyte reduced glutathione concentration were
increased in gestational groups compared to nonpregnant group.
Malondialdehyde concentrations plus 4-hydroxy-nonenal
correlated significantly and inversely with birthweight, while
erythrocyte reduced glutathione correlated significantly and
directly in the two groups of pregnant women; however, the
activity of the total extracellular superoxide dismutase correlated
with birthweight only in the group of pregnant women between
30 and 36 weeks. We conclude that the behavior of the indicators
of maternal redox status and its influence on birthweight is



similar for both groups of pregnant women with gestational age
studied.
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Introduction

Birthweight is one of the most important determinants of
perinatal, neonatal and postnatal outcomes. A poor growth
during the intrauterine period increases the risk of perinatal
morbidity and mortality, and during childhood according to the
article by Slaughter et al (2009). Additionally, Pringsheim et al
(2009) proved that the intrauterine environment affects the



health of an individual not only in fetal life, but also throughout
postnatal life.

Fetal weight increases with gestational age, as was shown in the
articles of Pacora et al (2005) and Montoya-Restrepo and Correa-
Morales (2007), adjusted to the normal pattern of growth that
occurs in three stages. 95% of fetal weight gain occurs during the
last 20 weeks of gestation, and Albaigés (2004) described that
from 28 weeks occurs a rapid increase in cell size with a peak
velocity between 33-35 weeks of gestation, is accumulated the
fat, muscle and connective tissue quickly, and it is precisely when
a greater increase in fetal weight shows up.

A proper fetal weight gain in the critical period of weight gain by
the fetus should guarantee a good birthweight. For this to occur



there must be a very low level of exposure to various factors that
can negatively influence fetal weight gain and / or powerful and
efficient adaptive protection mechanisms to counteract its
harmful effects.

Pregnant women may be exposed regularly to various conditions
that lead to a state of oxidative stress. In pregnant women,
oxidative stress can be produced by an unregulated production of
reactive species, by continued exposure to the same or a
deficiency in antioxidant systems, as was discussed by Young-Ju
etal (2005).

Monitoring redox status indicators in pregnant women are
important to understand the relationship between oxidative



stress and the product of pregnancy, particularly the fetal
growth.

The effect of maternal oxidative stress on fetal growth has not
been examined extensively, although recent evidence presented
by Young-Ju et al (2005), Saker et al (2008) and Al-Gubory et al
(2010) shows that maternal or fetal oxidative stress plays an
important role in the pathophysiology of low birthweight.
However, the studies reviewed have limitations as indicators of
redox status were measured at birth, which does not necessarily
reflect the exposure of pregnant women to the conditions that
lead to oxidative stress throughout pregnancy, even during the
critical period of weight gain by the fetus.



In a previous study done by the present authors (Corria et al
(2011)) to determine the influence of maternal redox status
between 30 and 36 weeks of gestation, a direct correlation
between birthweight and activity of extracellular superoxide
dismutase (ecSOD) and the concentration of erythrocyte reduced
glutathione (eGSH) was found. Besides, it was disclosed that the
association between the concentration of eGSH and Ferric
Reduction Potential (FRP) and ecSOD activity were also
correlated with birthweight from which, it was concluded that
the antioxidant status had a positive influence on birthweight.

In order to determine if the behavior of redox status indicators
and their relation to birthweight were dependent on the
gestational period analyzed, or whether it was a characteristic of
the third trimester, critical period of weight gain by the fetus, the



present study was carried out in pregnant women between 25
and 29 and between 30 and 36 weeks of gestation.

Research Design and Methodology
Patients

The study included 65 pregnant women who received prenatal
care and 40 nonpregnant women of childbearing age pertaining
to the clinics’s health areas from Bayamo city, Granma, Cuba.
Each patient gave a written consent, and the study was approved
by the Committee for Human Research at the University of
Medical Sciences. The selected pregnant women had a single
fetus. Pregnant women, who had a fetus diagnosed with
congenital anomalies, were not included. Nonpregnant women



had no history of chronic disease; they had not toxic habits and
were clinically healthy at the time of the study.

Two groups were formed according to gestational age and a third
(reference) group was composed of women of childbearing age,
not pregnant. Group 1 included patients with gestational age
between 25 and 29 weeks, and the second group included
pregnant between 30 and 36 weeks. Gestational age was
estimated based on the date of the last menstrual period and
confirmed by first and second trimester ultrasonography. Fetal
weight was determined by ultrasound to pregnant women at the
time of the study. The weight of the infants was measured
immediately after birth.



Blood Sampling and Analysis

Maternal fasting blood samples were obtained from veins in the
upper extremity. Blood samples were collected in test tubes and
centrifuged to isolate serum. Serum antioxidant capacity was
determined by the ferric reducing potential value (FRP). The
serum malondialdehyde plus 4-hydroxynonenal (MDA + 4HDA),
uric acid, albumin, vitamins C, E, A concentration and
extracellular superoxide dismutase (ec-SOD, EC.1.15.1.1) and
catalase (sCAT 1.11.1.6) activity were determined. The
concentration of reduced glutathione was determined in
erythrocytes (eGSH).



FRP Quantification

Ferric reducing potential (FRP) was determined by the modified
colorimetric assay presented by Bahr and Basulto (2004). This
method measures the total reducing power attributable to
antioxidant species which are present in serum or plasma, based
on the final concentration of Fe2+ (ferrous) ions formed from Fe3+
(ferric) reduction, using potassium ferricyanide as chromogen
substance. FeZ* reacts with potassiun ferricyanide reagent to
form a blue compound that absorbs light at 720 nm. FRP was
expressed in pmol Fe2*/L.



Uric Acid Quantification

Uric acid concentrations were measured by the enzymatic
method described by Gochman and Schmitz (1971), which uses
urate oxidase-peroxidase system. The chromogenic product of
the system action was quantified spectrophotometrically at 550
nm. The Urate-Monotest Kits (HELFA® DIAGNOSTICO, Quimefa,
Cuba) were used. Values were expressed in umol/L.

Albumin Quantification
Serum albumin concentrations were measured by bromocresol

green method described by Thomas (1998). The chromogenic
product of the reaction was quantified spectrophotometrically at



628 nm. The Albumin Kits (HELFA® DIAGNOSTICO, Quimefa,
Cuba) were used. Values were expressed in g/L.

Determination of Serum Levels of Antioxidants Vitamins

Vitamin C levels were measured by dinitrophenylhydrazine
method described by Nino and Shaw (1982). Serum a-tocopherol
(vitamin E) and retinol (vitamin A) were determined by reverse
phase HPLC, and detected by an UV detector at 292 nm for
vitamin E and 325 nm for vitamin A according to the method of
Thurham et al (1988). Values were expressed in pmol/L.

Determinations of Serum Antioxidant Enzyme Activities



Total superoxide dismutase SOD activity was determined by the
indirect method presented by Marklund and Marklund (1974),
which is based on the ability of this enzyme to inhibit auto-
oxidation reactions of pyrogallol, auto-oxidation reactions that
spread by superoxide radicals formed. Pyrogallol oxidized forms
absorb light at 420 nm. One unit (U) of SOD activity was taken as
the amount of enzyme capable of inhibiting by 50%, the
pyrogallol auto-oxidation reaction at 25° C and pH 8.20. The
activity was expressed in U.mL! min-l. Catalase (CAT EC 1.11.1.6)
activity was measured by spectrophotometric analysis of the rate
of hydrogen peroxide decomposition at 230 nm, following the
method used by Taysi et al (2002). The activity was expressed in
ULmL! min-L.



Serum MDA + Alkenals Quantification

Malondialdehyde plus 4- hidroxynonenals (MDA + 4HDA) were
measured by the espectrofotometric method presented in the
article by Esterbauer and Cheeseman (1990), which is based on
the reaction of aldehydes with N-methyl-2-phenylindole at 45°C
to form an intensely colored carbocyanine dye that absorbs at
586 nm. Values were expressed in umol/L.

GSH Quantification

Erythrocyte reduced glutathione (eGSH) concentrations were
measured by the Beutler colorimetric method. This method is
based on the reaction of the reduced glutathione with DTNB (5,5-
dithiobis (nitrobenzoic acid)) reagent. Absorbance readings were



done at 412nm the first 5min, as was recommended in the article
by Beutler et al (1963). Values were expressed in umol/gHb.

Statistical Analysis

Statistical analysis of the data was carried out using STATISTICA
(version 4.1, Statsoft, Tulsa, OK) and GraphPad Prism (version
5.03, COMP, PAIS). Shapiro-Wilk test was used to assess the
normality of continuous data. Results are given as means * SEM,
or median (25-75 percentile intervals) when the data were not
normally distributed. Student t test was used for data that passes
the normality, and Mann-Whitney U test was used for data that
failed the normality. Dunn's test was used for multiple
comparisons. Spearman’s correlation was applied to study the
correlation between quantitative variables. Statistical



significance was accepted at p <.05 for all comparisons and in all
correlations.

Results

Demographic Characteristics

Maternal, fetal and neonate characteristics by gestational age
groups and nonpregnant group are shown in Table 1. Three
groups were then selected and studied: Group 1 consisted of 29
mothers with gestational age at enrollment between 25 and 29
weeks; group 2 consisted of 36 mothers with gestational age
between 30 and 36 weeks; group 3 included 40 nonpregnant
women. The three groups were similar with respect to age and
body mass index (BMI) before conception. Then, the groups 1 and



2 were similar respect to newborn weight and duration of
pregnancy. There were no significant differences among the
groups.

Please See Tablel in the PDF Version

Figure 1 shows the statistically significant difference in the
mean fetal weight between the two groups. It is also noted that
there was no significant difference in birthweight between the
groups. The mean fetal weight in the group of pregnant women
who were between 25 and 29 weeks was about 45% of
birthweight, whereas in the group between 30 and 36 weeks
was approximately 80%. Because there was no difference in
body weights between groups, the contribution of the period
between 30 and 36 weeks was estimated as the difference in



the average of the group with the 25 to 29 weeks. Thus, it can
be concluded that in the period between 30- 36 weeks, it was
gained the 40% of birthweight.

Please See Figurel in the PDF Version

Please See Figure2 in the PDF Version

Biomarkers of Maternal Redox State

Compared to nonpregnant reference group, significantly lower
maternal serum FRP and albumin concentration were noted in
pregnant women between 25 to 29 and 30 to 36 weeks,
respectively. However ecSOD activity and erythrocyte GSH



concentration were increased in gestational groups compared to
nonpregnant group (Table 2).

Please See Table2 in the PDF Version
Maternal Redox State and Birthweight

An insightful analysis was made with the correlation between
concentrations of oxidative stress indicator (serum MDA plus
4HDA), concentrations or activity of antioxidant defence
biomarkers and birthweight in gestational groups of 25 to 29 and
30 to 36 weeks. Significant negative correlations were noted
between the serum concentrations of MDA plus 4HDA in both
pregnant groups (p< 0.05). The association strength was bigger
in group 2 (r =-0.81) than in group 1 (r = -0.59). A significant
positive correlation was detected between the erythrocyte GSH



concentration and birthweight in pregnant groups (p< 0.05).
Also, the association strength was bigger in group 2 (r = 0.67)
than in group 1 (r = 0.49).

A significant positive correlation was noted between ecSOD
activity and birthweight in group of pregnant women at 30 to 36
weeks (p< 0.05, r = 0.42). However, no significant correlation was
found between ecSOD activity and birthweight in the 25-29
weeks pregnant women group.

Discussion

It has been shown that was greater increase in fetal weight in the
third trimester of pregnancy. In the works by Gairdner and
Pearson (1971), Fernandez et al (2008) and Montoya-Restrepo
and Correa-Morales (2007) was observed in weight gain curves



according to the weeks of gestation an increase from week 25,
which becomes more marked from week 30.

In this study we have tried to show whether the influence of
maternal redox status on birth weight reported in a previous
study by us in pregnant women between 30 and 36 weeks
(Corria et al (2011)) was a characteristic only of this period, or if
it was similar in the initial period of the third trimester.

These results show that maternal redox status does not change
significantly with gestational age groups between 25 and 29 and
the 30 to 36 weeks. The lower statistical difference in the levels
of FRP and albumin concentrations in the groups of pregnant
women compared with nonpregnant found in this study are
consistent with the results reported by Hung et al (2010). Such



results may be due to differences in diet. Serum antioxidant
capacity is mainly attributable to uric acid, the protein thiol
groups, ascorbic acid, vitamin E and bilirubin, as it was stated in
the book edited by Halliwell and Gutteridge (1999). The amount
of uric acid and vitamins C and E is greatly influenced by diet, as
was discussed by Pus et al (2013). Likewise, serum albumin
concentration has been associated with the consumption of
protein and is an indicator of protein status, according to Seres
(2005).

The statistically significant increase in the activity of serum
ecSOD and erythrocyte GSH concentration found in both groups
of pregnant women compared to nonpregnant group is further
evidence to the a study previously done on the increased activity
of this enzyme and erythrocyte GSH concentration in pregnant
women between 30 and 36 weeks of gestation (Cruz et al



(2010)). The results for the ecSOD differ from those found by
Kharb (2012). The studies of Hung et al (2010) and Leal et al
(2011) have reported an increase in SOD activity whole blood
measured in pregnant women in the third trimester compared to
nonpregnant women.

Taking into account that there was no significant difference in the
levels of lipid peroxidation indicators with respect to non
pregnant; results were interpreted as a consequence of the
regulatory mechanisms of redox state, as was discussed by the
present author in a previous paper (Cruz et al (2010)). The
advantages for the gestation of an increase in activity ecSOD and
GSH levels are extensively described by Biondi et al (2005), Valko
etal (2007), Filomena et al (2008), and others.



The results of the study concerning the influence of maternal
redox status on birthweight between 25 and 29 weeks gestation
compared with the period between 30 and 36 are very similar;
however, the activity of the ecSOD in the group of pregnant
women between 25 and 29 weeks did not correlate with
birthweight. The significant direct correlation of ecSOD activity
and erythrocyte GSH concentration with birthweight in pregnant
group between 30 and 36 weeks of gestation confirm our
previous results (Corria et al (2011))

The significant inverse correlation between the levels of
lipoperoxidation indicators and birthweight in the group of
pregnant women between 30 and 36 weeks is a new result that
has not been found in previous study with the determination of
the concentration of MDA, and it was also observed in this study



in the group of pregnant women between 25 and 29 weeks.
Young et al (2005) also found significant inverse correlation of
MDA concentrations with birth weight.

The authors of this research strongly believe that these results
are consistent with the evidence reported on the regulation of
maternal redox status and its influence on birthweight, which has
been discussed in our previous papers (Corria et al (2011), Cruz
et al (2012)). The results are also supported by the findings of
Saker et al (2008) and Hsieh et al (2012) who have shown that
the oxidant and antioxidant status of the mother is related to the
small neonates and appropriate for gestational age.

A new evidence was brought in to light that oxidant and
antioxidant status in the third trimester of pregnancy is related to



birthweight. A good antioxidant state ensures a good birthweight;
however, an increase of lipid peroxidation may affect
birthweight.
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