Iran J Pediatr. 2015 August; 25(4): e2363.

DOI: 10.5812/ijp.2363
Research Article

Published online 2015 August 24.

An Evaluation of Oxidative Status in Serum and Breast Milk of Mothers
Giving Birth Prematurely and at Full-Term
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Background: Burning fat and carbohydrates to provide energy in biological systems causes the formation of free oxygen species.
Objectives: This study aimed to evaluate the oxidative status of serum and breast milk of mothers giving birth prematurely and at fullterm.
Materials and Methods: The study comprised 50 mothers who gave birth at full-term at more than 38 weeks and 43 mothers who gave
birth pre-term at below 32 weeks. On the postnatal 5th day, samples of the mother’s milk and serum were taken and stored at -80°C until
the study day. On the study day, the total oxidant and total antioxidant levels were measured using the Erel method and the oxidative stress
index (OSI) was calculated.
Results: While the total oxidant level and total antioxidant level values of the milk of the premature birth mothers were found to be
significantly high compared to those of the full-term birth mothers (P = 0.001), no statistically significant difference was found in the
oxidative stress index values (P > 0.05). No statistically significant difference was found in the total oxidant level and oxidative stress index
values of the serum of the premature birth mothers compared to those of the full-term birth mothers, while the total antioxidant level
was found to be significantly low (P = 0.04).
Conclusions: The oxidants and antioxidants in the milk of mothers giving birth prematurely were found to be significantly higher than
those of full-term birth mothers. This can be evaluated as the milk of the premature birth mothers providing increased antioxidant
defense to protect the infant.
Keywords: Antioxidants; Mother; Breast milk

1. Background
Burning fat and carbohydrates to provide energy in biological systems causes the formation of free oxygen species (1). The rate of production of free oxygen species is
in balance with the rate of its removal and this status is
known as oxidative balance (2). An increase in the rate of
production of these radicals or a fall in the rate of removal
causes an imbalance (2). If there is an imbalance between
the production of free oxygen species and the antioxidant
systems, then the structure and functions of proteins, lipids, nucleic acids and enzymes, as elements of the body’s
fundamental structure, are impaired (1, 3), which eventually leads to tissue damage (2). By synthesizing protective
enzymes (glutathione reductase, glutathione peroxidase,
superoxide dismutase, and catalase) and chemical compounds towards cell protection against the destructive
effects of free oxygen species, the formation of damage
is prevented (1, 4, 5). Newborn infants and especially premature infants exposed to high concentrations of oxygen
are more vulnerable to infection and inflammation and
are thus inclined to the formation of oxidative stress (6,
7). Newborns and particularly premature newborns have

been shown to have insufficient anti-oxidative capacity
against oxygen species in their first days (8, 9). The manner of nutrition can affect the anti-oxidant capacity (10).
In the postpartum period, the anti-oxidants taken in with
the mother’s milk try to compensate to neutralize the increased free oxygen species in the infant (11).

2. Objectives

In this study, it was aimed to evaluate the serum and
milk oxidant and antioxidant status in premature birth
mothers and full-term birth mothers.

3. Materials and Methods

The study comprised 43 mothers giving birth prematurely at 30 - 32 weeks with no illness and 50 mothers giving birth at full-term at 38 - 42 weeks either by Caesarean
section or by normal vaginal route, who had been monitored throughout their pregnancies at the gynecology
and obstetrics polyclinics of two health centers between
1 April 2012 and 1 April 2013. The two groups were similar
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in terms of age and socio-cultural status. All the mothers
had taken supplementary iron and vitamins throughout
the pregnancy. On postnatal day 5, the newborn healthy
children were called for check-up to the polyclinic, milk,
and blood samples were taken from the mothers. Informed consent was obtained from all the mothers participating in the study. Approval for the study was granted by the local ethics committee.

3.1. Exclusion Criteria

Mothers with diabetes mellitus, hypertension, obesity ,
or those who smoked and infants with congenital anomalies, asphyxia in the prenatal or neonatal period or an
Apgar score below 8, were excluded from the study. In addition, 5 mothers who did not take supplementary iron
and vitamins during pregnancy were excluded.

3.2. Blood Samples

Peripheral venous blood samples in the fifth day after
birth were taken from all mothers. At the start of the study,
total blood count was made by automatic blood count instrument (Abbot Celldyn 3500 Ill, USA) for all the mothers.
For biochemical analysis, the blood samples were centrifuged at 3500 rpm for 10 minutes, and then the formed
elements were discarded. Part of the serum sample was
stored at -80ºC. The remaining serum was tested for electrolytes, kidney and liver function (Abbott Aeroset, Abbott
Diagnostics, Abbott Park, IL, USA) on the same day and on
the study day. The total antioxidant status (TAS) and total
oxidant status (TOS) were measured color metrically using Erel method by auto-analyzer from the serum samples
stored at -80ºC. The oxidative stress index (OSI) was defined
as percentage rate of TAS values to TOS values

ent in reagent 2 [H2O2 (7.5 mM) in the Clark and Lubs
solution]. The sequentially produced radicals such as
brown colored dianisidinyl radical cation, produced by
the hydroxyl radical, are also potent radicals. Using this
method, the antioxidative effect of the sample against
the potent free radical reactions that is initiated by the
produced hydroxyl radical, is measured. The assay has excellent precision values of lower than 3%. The results were
expressed as mmol Trolox Equiv. L-1.

3.6. Measurement of Total Oxidant Status

TOS of plasma was determined using a novel automated
measurement method developed by Erel (14). Oxidants
present in the sample oxidize the ferrous ion-o-dianisidine complex to ferric ion. The oxidation reaction is
enhanced by glycerol molecules, which are abundantly
present in the reaction medium. The ferric ion makes a
colored complex with xylenol orange in an acidic medium. The color intensity, which can be measured spectrophotometrically, is related to the total amount of oxidant
molecules present in the sample. The assay is calibrated
with hydrogen peroxide and the results were expressed
in terms of micromolar hydrogen peroxide equivalent
per liter (l mol H2O2 Equiv. L-1).

3.7. Oxidative Stress Index

The ratio percentage of TOS level to TAS level gave the
OSI, an indicator of the degree of oxidative stress (15).

3.8. Statistical Analysis

Prior to analysis, all the milk samples were mechanically
stirred and homogenized at low speed. The homogenate
was centrifuged at 4000 rpm for 10 minutes. The total
oxidative status (TOS), TAS, OSI, and microprotein level
were measured. The results were given as gram protein.

Data were analyzed using SPSS (Statistical Package for
the Social Sciences, version 11.5 for Windows, SPSS® Inc,
Chicago, IL). Distribution of parametric variables was assessed with one-sample Kolmogorov–Smirnov test and
all parametric variables were found to be normally distributed. The results were presented as mean ± standard
deviation. Demographic data was performed using chisquare test. Independent Samples t Test was used to data
among groups. A two-tailed P value of less than 0.05 was
considered statistically significant.

3.4. Measurement of Microprotein Level

4. Results

3.3. Homogenization of Milk Samples

The microprotein levels of the milk samples were measured using the Lowry method (12). The microprotein levels of the milk samples were calculated per gram protein
for TAS, TOS, and OSI.

3.5. Measurement of the Total Antioxidant Status

TAS of plasma was determined using a novel automated measurement method, developed by Erel (13). In this
method, the most potent biological radical, hydroxyl
radical, is produced. In the assay, ferrous ion solution,
which is present in reagent 1 [o-dianisidine (10 mM), ferrous ion (45 AM) in the Clark and Lubs solution (75 mM,
pH 1.8] is mixed with hydrogen peroxide, which is pres2

The mean age of the 43 premature birth mothers was 27.74
± 5.70 years (range, 18 - 45 yrs) and the mean age of the 50
full-term birth mothers was 28.70 ± 5.76 years (range, 19 - 40
yrs). No statistically significant difference was determined
between the groups in terms of age (P > 0.05) (Table 1).
The TOS, TAS, and OSI values of the milk of the premature birth mothers and the full-term birth mothers were
compared. While the TOS and TAS values of the milk of
the premature birth mothers were found to be statistically significantly high compared to the TOS and TAS values of the milk of the full-term mothers (P = 0.001), no
statistically significant difference was found in respect of
OSI values (P > 0.05) (Table 1).
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Table 1. Demographic Data and TOS, TAS and OSI Values of the Milk of Premature Birth Mothers and Full-Term Birth Mothers a, b,c
Age, y

Premature Birth Mothers (n = 43)

Full Term Birth Mothers (n = 50)

P Value d

27.74 ± 5.70

28.70 ± 5.76

0.42

TOS, μmol H2O2 Eqv./gr
TAS, μmol H2O2 Eqv./gr
OSI, AU

5.42 ± 1.31

4.56 ± 1.17

0.001

0.21 ± 0.03

0.18 ± 0.02

0.001

2.62 ± 0.88

2.47 ± 0.71

0.38

a Abbreviations: OSI, oxidative stress index; TAS, total antioxidant status; TOS, total oxidant status.
b The data were expressed as mean ± SD.
c Student t test for independent samples was used
d Significance was defined as P < 0.05.

Table 2. Serum TOS, TAS, and OSI Values of Premature Birth Mothers and Full-Term Birth Mothers a,b,c
TOS, μmol H2O2 Eqv./L

Premature Birth Mothers (n = 43)

Full Term Birth Mothers (n = 50)

25.82 ± 17.07

29.03 ± 13.54

0.32

1.29 ± 0.15

1.36 ± 0.16

0.04

1.97 ± 1.21

2.16 ± 1.03

0.40

TAS, μmol H2O2 Eqv./L
OSI, AU

a Abbreviations: OSI, oxidative stress index; TAS, total antioxidant status; TOS, total oxidant status.
b The data were expressed as mean ± SD.
c Student t test for independent samples was used.
d Significance was defined as P < 0.05.

The serum TOS, TAS, and OSI values of the premature
birth mothers and the full-term birth mothers were compared. While the serum TAS values of the premature birth
mothers were found to be statistically significantly low
compared to the serum TAS values of the full-term mothers (P = 0.04), no statistically significant difference was
found in respect of TOS and OSI values (P > 0.05) (Table 2).

5. Discussion

The metabolism employs its own anti-oxidant defense
systems against oxidative effects. The removal of reactive
oxygen species and rendering them harmless is accomplished through enzymatic and non-enzymatic anti-oxidant mechanisms (15). Many studies to date have shown
that nutrition with mother’s milk is a protection against
many diseases. One of these protective mechanisms is undoubtedly anti-oxidant defense (16-20). Newborn infants
and particularly premature newborns have been shown
to have insufficient anti-oxidative capacity against free
oxygen species in their first days (8, 9).
It has been reported that the number and increased activity of anti-oxidant enzymes occur in the final months
of pregnancy and after the birth, the total antioxidant capacity increases rapidly to reach levels higher than that
of adults (9, 21). Studies are ongoing on the subject of the
effect of breastfeeding on the oxidative-anti-oxidative
system of infants and the development of diseases (10, 19,
22). In the current study, while the TOS and TAS values of
premature birth mothers were found to be statistically
significantly high compared to those of full-term birth
mothers, no statistically significant difference was found
in respect of OSI values.
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P Value d

As the pregnancy progresses, together with adaptive
changes in the functions of the mother’s body to meet
the requirements of the fetus (23, 24); ventilation increases to meet the increasing demand for oxygen (25,
26). This could be a reason for increased oxidative stress
in pregnancy (27). In addition, the higher levels of psychosocial stress experienced by premature birth mothers
(28, 29), such as feelings of failure and insecurity at not
having given birth to a healthy infant (28) and difficulties
experienced in bonding, such as being slow to touch and
nurse the baby or not perceiving the baby as their own
(28, 29) may cause increased oxidative stress associated
with stress in the mother.
The increase in anti-oxidants may be necessary to neutralize the increased oxidative status of the mother. As
newborn infants and particularly premature newborns
do not have insufficient anti-oxidative capacity against
free oxygen species in their first days (8, 9), it is thought
that anti-oxidants in the milk of premature birth mothers increase to protect the infant.
In a study evaluating the serum oxidant and anti-oxidant status of pregnant and non-pregnant women, the
oxidative stress of the pregnant women was found to be
significantly high and the antioxidants were significantly low (27). In the same study, it was reported that apart
from ascorbic acid, both oxidants, and anti-oxidants in
the mothers were at a significantly high level compared
to those of the infants (27). In the current study, the serum TOS, TAS, and OSI values were compared in premature birth mothers and full-term birth mothers.
While no statistically significant difference was found
in the serum TOS and OSI values of the premature birth
3
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mothers compared to those of full-term mothers, the TAS
values were found to be statistically significantly low. It
is thought that because in this situation where newborn
infants are exposed to a high concentration of oxygen
they have a tendency to form oxidative stress (6, 7) and
newborns’ anti-oxidative capacity is insufficient against
oxygen species in the first days so antioxidants are produced by the mother to protect the infant. In addition, it
is thought that the oxidant production of the full-term
birth mothers is at a low level as they experience less anxiety about the newborn.
In conclusion, many studies have shown that mother’s
milk is protective against several diseases. One of these
protective mechanisms is undoubtedly the anti-oxidant
defense. Newborn infants and especially premature
infants exposed to high concentrations of oxygen are
more vulnerable to infection and inflammation and are
thus inclined to the formation of oxidative stress, so it is
thought that the mother’s milk, especially that of premature birth mothers, raises the antioxidant defense to protect the infant whose antioxidant capacity is insufficient.
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